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LA DEMINERALISATION SUR GRANDE 
ECHELLE DE L’EAU DE MER ET DE 
L’'EAU SAUMATRE 
por A. M. Eshaya et B. F. Dodge 

Les problémes de l'augmentation de la valeur 
économique des procédés sur base de distillation 
disponibles pour la désalinification de l'eau de mer 
sont examinés. Parmi les procédés discutés se 
trouvent la distillation 4 multiple effet, la distilla- 
tion par éclat 4 temperature basse, la recompres- 
sion de vapeur et l'évaporation solaire 


Kurzreferate 
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GROSSANGELEGTE ENTMINERALISIE- 
RUNG VON SEE-UND BRACK WASSER 
von A. M. Eshaya und B. F. Dodge 

Die Probleme der Erhéhung der Wirtschaftlich- 
keit von verfiigbaren, auf der Destillation basieren- 
den Verfahren fiir die Entsalzung von Seewasser 
werden untersucht. Die besprochenen Verfahren 
schliessen die Mehrfachdestillation, die Blitz- 
destillation bei Tieftemperatur, die Wieder- 
kompression von Briiden und die Sonnenver- 
dampfung ein. 
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HPYNHOMACWTABHAR JEMMHEPANM3ALIMA 
MOPCHMX VW CONOHOBATbIX BOA 


A. M. Dwuaiia u B. ®. Jlodne 


Heenexywrtes npobsemi NOBWWIeHUA IKOHOMMIHOCTH 
eymectsywmux cnoco6os ja obecconnBaHHA MOpeKol 
BO, «Ha OCcHOBe AMCTHAIAQHH. O6cy «ae MBE 
Npowecchl BKAMVNT LACTHIAAQMW B MHOPOKOpycHoM 
anmapate, HHSKOTeMNepaTypHyw BHesaHyIO AuC- 
THIAAQHH, NOBTOPHOe cxKAaTHeE Napow M comHeUHOe 
ucnapenne. 





B.C.E., 4, No. 4, 200. U.D.C. No. 66.045.1: 
620.197. 


LA PROTECTION CATHODIQUE DES 
ECHANGEURS DE CHALEUR 
par C. Plumpton et C. Wilson 

L'analyse théorique du mécanisme de la protec- 
tion cathodique méne aux conclusions pratiques; 
par exemple, les surfaces contigus ayant une in- 
clinaison réciproque de moins de 180 degrés sont 
sujets 4 la surprotection. L’utilité des anodes 
fabriqués des matériaux différents, tels que la 
mitraille d'acier, est discutée 
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KATHODISCHER SCHUTZ VON 
WARMEAUSTAUSCHERN 
von C. Plumpton und C. Wilson 


Aus der theoretischen Analyse des Mechanismus 
vom kathodischen Schutz kénnen praktische 
Schliisse gezogen werden. So sind z.B. anschliess- 
ende Oberflichen mit einer Neigung von weniger 
als 180 Grad zueinander der Uberbeschiitzung aus- 
gesetzt. Die Wirksamkeit von Anoden aus ver- 
schiedenen Stoffen wie z.B. Schrottstahl wird 
besprochen 
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HATOQHAR 3AWJMTA TENNOOBMEHHUHOB 


Y. Ilaemnmon u 1. Vuaocon 


Teopetuyeckuil aHaaH3 MeXaHH3Ma KaTO{HOl 3anWTH 
NpHBOAMT K UPAKTHYECKHM 3akKAOVHHAM; TAK Halp., 
emexHWe TOREPXHOCTH, HakKNOHeHHWe NOX yraom 
menee 4em 180° zpyr K Apyry, To_BepxeHnN YpesmepHoOll 
sammte. Pacemarpusaeren nonesHocTh anoxon m3 
PasAMIHX MAaTepHadOB, TAK HANp. M3 cTAaaLHOrO AOMa 
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LA REFRIGERATION DANS L'INDUSTRIE 
CHIMIQUE 

Une revue des développements récents, y com- 
pris un systéme mixte de refrigération étudié sur 
l'échelle pilote et l'application du refroidissement 
a la purification des gaz, la production du deutére 
et la récuperation des olefines 


B.C.E., 4, No. 4, 208. U.D.C. No. 66.046.3 
621.56/.57:061.3 

DIE KALTETECHNIK IN DER 
CHEMISCHEN INDUSTRIE 

Eine Ubersicht der neueren Entwicklungen, ein- 
schliesslich eines gemischten Kiihlsystems im halb- 
industriellen Massstab und der Verwendung der 
Kilte zur Gasreiningung, zur Deuteriumher- 
stellung und zur Riickgewinnung von Olefinen. 


B.C.E., 4, No. 4, 208. U.D.C. No. 66.046.3: 
621.56/.57:061.3. 
OXNAQUTENbHAA TEXHWHA B XUMMYECHOA 
NPOMbIWNEHHOCTU 
O6s0p coppemeHAWX yconepmleHcTBOBaHHi B OOaacTH 
OXTaKIeHHA, BKTOVAA CMeWIaHHYW CHCTeMy OXTax- 
eHHA, HCNWTAHHY!O B NOAYNpOMbUAeHHOM MacuITabe, 
a Take NPHMeHeHHe OXAAKLCHHA kK OUMUEHHW razon, 
NpousBoLeTBy JellTepuA HM M3IBIeVHHW OTePUHOB. 
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MATERIAUX DE CONSTRUCTION A 
PARTIR DE LA CENDRE DE COMBUSTIBLE 
PULVERISEE 
per C. Hobbs 

Les cendres pulverisées produites aux centrales 
thermiques peuvent étre utilisées dans la fabrica- 
tion du beton aéré et pour les aggrégats légers 
Les problémes techniques de la transformation des 
cendres en produit utile. par exemple par 
l'agglomération dans un four, sont discutés. 
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BAUMATERIALE AUS FEINGEPULVERTER 
BRENNSTOFFASCHE 
von C. Hobbs 


Feingepulverte Asche aus Kraftwerken kann in 
der Herstellung von lufthaltigem Beton und fiir 
leichte Aggregatmateriale verwendet werden. Die 
Herstellungsprobleme der Verwandlung von Asche 
in Nutzware, z.B. durch Sinterung in einer Darre, 
werden besprochen. 
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CTPOUTESIbHBIE MATEPMASbI U3 
NbINEBUAHOA TONNUBHOA 30Nbi 
Y. Xob6e 


Meakovwactuqan 3028, NpoMsBOqMMaN Ha 9meK- 
TPOCTAaHWMAX MOKET MPHMCHATLCA B aapHpORaAHHOM 
Gerone M B AerkonecHWX arperaTHxX maTepHamax. 
ObcyxyawTen nponsBoyeTsennne npobzemn mpe- 
BpameHHaA 304m B NoresHwil Npo_yKT, Hamp. nyTeM 
nekaHua B neq. 





B.C.E.. 4, No. 4, 217. U.D.C. No. 6.045.2: 
66.045.5. 


TRANSMISSION SIMULTANEE DE 
CHALEUR ET DES MASSES DANS LES 
REFRIGERANTS A CHEMINEE—PARTIE 2 
por W. J. Thomas et P. Houston 

Les résultats obtenus par des travaux experi- 
mentaux sont analysés. La présence d'une zone de 
transmission appréciable de chaleur et des masses 
au-dessous des remplissages est indiquée 
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GLEICHZEITIGE WARME-UND 
MASSENUBERGABE IN KUHLTURMEN— 
2 TEL 
von W. J. Thomas und P. Houston 

Die Ergebnisse von Versuchsarbeiten werden 
analysiert. Auf die Anwesenheit einer Zone von 
weitgehender Wirme- und Masseniibergabe unter- 
halb der Fiillungen wird hingewiesen. 
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¥. Jl. Tomac u I. Xyomon 
Ilposogutes anaaus pesyabTaTos onMTHHX pabor. 


Yrasupaetca Ha HanWuMe 30HH 3aMeTHOM macconoll 
MH Tenaonepeqain NO HacaykKkamMai. 
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L’OBTENTION DE L’ACIDE 
PHOSPHORIQUE PAR EXTRACTION 
LIQUIDE-LIQUIDE 
por A. Baniel, R. Blumberg et A. Alon 

Le procédé d'extraction liquide-liquide per- 
mettant l'utilisation des déchets d’acide chlor- 
hydrique offre un produit avec un contenu plus 
élevé de pentoxide phosphorique que le procédé 
classique par voie humide 


B.C.E., 4, No. 4, 223. U.D.C. No. 661.634: 
661.419:66.061.8. 

HERSTELLUNG VON PHOSPHORSAURE 
DURCH FLUSSIGKEIT/FLUSSIGKEIT 
EXTRAKTION 
von A. Baniel, R. Blumberg und A. Alon 

Das Fliissigk eit / Fliissigkeit Extraktionsver 
fahren, wodurch Salzsiiureabfille verwendet wer- 
den kénnen, bietet ein Produkt mit einem 
héheren Phosphorpentoxydgehalt als das iibliche 
Nassverfahren 
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NPOWUSBOACTBO SOC@OPHOA HUCNOTbI 

NYTEM MMAHOCTh /MUAHOCTHOAM 

SHCTPAKLIMM 

A. Banuaa, P. Baymbepe u A. Aaon 


IIpouece »xnqKkoeTs /aAMAKOCTHOM akeTpakyMM, 103 
BoAAMMMi HeNOALZ0BaTL OT6pOcL’ conAHOM KACAOTH- 
qaeT mpogyxt ec 6onee BuCcOKNM cofepmannem NATH 
okuen hochopa rem O6nraHWH cnocos MoKpod O6paboTKH. 
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D IG E ST OF INDUSTRIAL AND TECHNICAL DEVELOPMENTS 


Research at Technical Institutions 


HE efforts of many technical colleges to raise the level 
and status of their work have now received the influential 
backing of Sir Harry MELVILLE, K.C.B., F.R.S., Secretary 
of the Department of Scientific and Industrial Research. 
This year 800 new awards of DSIR Research Studentships 
are likely to be made. After next October the total number 
current is likely to be about 1800 and in each of the next few 
years the number of new awards is likely to increase annually 
by about 10% to reflect the growing output of scientists and 
technologists. Sm HARRY, in an address to the Association 
of Technical Institutions, declared himself disappointed with 
the small number of students of research calibre who have 
chosen technical institutions for their training. He appealed 
to the technical institutions to make every endeavour to attract 
research students of a calibre that qualifies them to take 
up the many awards now being offered. At an advanced level, 
good teaching and research go hand in hand, and a snow-ball 
effect is expected as soon as a rise in research effort in the 
technical colleges raises the esteem in which their research 
training is held by graduates, and vice versa. It may be 
recalled that in British Chemical Engineering, 1959, 3, 9,470 we 
named the lack of reference to research at technical colleges 
as the most important omission from the DSIR publication 
“Scientific Research in British Universities.” Will the 
physicians of this Department now heal themselves? 


How to Use Recorded Data 


ITHIN the net cast by the Society of Instrument 
Technology lie many subjects of value to chemical 
engineers. Symposia held within the last few weeks have 
dealt with automatic weight control in industry and with 
the use of data recorded on industrial plant. The latter 
particularly is a shrewd choice. We can now indicate, 
record, control, compute and re-record in profusion; but 
to what end? Among the answers presented at the S.LT. 
was a detailed survey of information-communication in an 
oil refinery by J. M. KEatING and colleagues leading up to 
an outline of a hypothetical integrated data system for oil 
measurement and accounting. All measurements would be 
converted into “‘machine language” and transmitted auto- 
matically from the point of origin to the data-processing 
centre. This would consist in principle of a digital computer 
with relatively simple computing facilities and a large 
storage capacity. As main functions it would stme all 
measurement and associated data on oil movements, receipts, 
despatches and information on orders. It would carry out 
automatically all calibration cross-checks on road and rail 
cars and might treat data statistically carrying out material 
balances as required, identifying losses where possible. 
Finally it should print out all returns required in connection 
with oil accounting, Customs payments, production records 
and stocks. 
Such a system, points out MR KEATING, would best be 
considered in the very early planning stages of a refinery. 
This would allow the system to be designed without regard 
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to existing facilities, involve a lower capital cost than 
additions to existing facilities and enable personnel to be 
engaged to suit the integrated system. 


Remote Control by Radio 


T is a logical development but still a technical achievement 

to have succeeded in applying a V.H.F. radio link for 
remote control and the position indication of 16 water 
pumps raising and transferring water from an oasis to an 
installation of the Qatar Petroleum Company in the Persian 
Gulf. The control signalling takes place at 173.5 mc/s whilst 
indications back to the control station are transmitted at 
160.3 mc/s with two-way speech communication on a fre- 
quency modulated channel at 167 mc/s. Control station 
and the controlled pumps are seven miles apart. The system 
is being manufactured by Gilmoor Control Systems Ltd. of 
London. It obviously could equally be applied to oil pipe- 
lines for remote control of the pump houses and we have in 
fact learned of an earlier example of the use of such radio 
control. In one area in Borneo a system of this kind has 
been in use for about five years to control flow through 
marine pipe lines supplying a tanker 3} miles off-shore; 
control is effected from the tanker. 

In Britain the policy of the G.P.O. is, briefly, to insist on 
the use of line for communication between fixed points. 
However in exceptional circumstances, where line communi- 
cation cannot be provided or may possibly be unsuitable for 
technical reasons, we are informed that they would be 
prepared to license the use of radio; each such case has to 
be examined on its merits. This policy has been adopted 
to ensure an economic use of the available frequency 
resources. Licensing of radio services in the Colonies and 
Protectorates is a matter for the Postmaster-General of the 
territory concerned. 


Making Graphite Impermeable 


NDUSTRIAL graphite with an initial permeability to 
nitrogen of about 10-2 or 10-3 cm2/s can now be treated 

to yield a product of one ten-thousandth this permeability. 
W. Watr and his colleagues of the Royal Aircraft Establish- 
ment at Farnborough have reported* both liquid and gas 
impregnation processes which result in deposition of carbon 
within the pores of the graphite. In the liquid process the 
graphite tube is impregnated with furfuryl alcohol plus 
a catalyst from one side only in the first stage. The resin 
is cured in situ and the tube carbonised to at least 1000° C. 
It is then reimpregnated from the other wall and the curing 
and carbonising treatment repeated as before. In addition 
furfuryl alcohol resin on carbonising behaves in such a way 
that it can be used to replace the pitch used as a binder in the 
manufacture of carbon and graphite materials. Unlike pitch 
the resin is smoothly converted to carbon without an inter- 
mediate liquid phase and it is also obtainable without objec- 
tionable impurities. Tubes made with coke and graphite 
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powders bonded with resin can be carbonised and heated to 
high temperatures. The permeability of these tubes is much 
lower than those obtained by conventional techniques for 
manufacturing graphite. Pilot plant production is now being 
planned. 

The gas process is based on working at a temperature 
at which the reaction probability for pyrolysis of a hydro- 
carbon gas is sufficiently low for the molecules to penetrate 
into pores before carbon deposition occurs. Using a fine 
grained commercial graphite as starting material and 
depositing from a nitrogen-benzene vapour atmosphere, the 
transition from surface to internal deposit occurs in the 
range 750 to 800° C, depending on the partial pressure of 
the benzene vapour. By continuing the treatment until no 
further internal deposition occurs a material can be produced 
which is highly impermeable to gases. 

This programme had the distinction of mention in a 
recent lecture to the Royal Society by SR OWEN WANSBRUGH 
Jones reviewing chemical advances in the Ministry of Supply. 
Str Owen—chief scientist at the Ministry—stated that over 
100 lines of research had been put up to him for consideration 
and he had picked out some half-dozen of the most striking 
achievements. Among this select band was the work noted 
above. 

* Nuclear Power, 1959, 4, 34, 86. 


Ammonia Scrubbing Process “‘ Proved ”’ 


APPY the man who devises a process combining social 
virtue with good economic returns. This seems to have 
been the enviable role of Mr J. H. Leicu, who invented the 
process of scrubbing boiler flue gases with ammonia liquor 
derived from gasworks or coke-oven plants to produce a 
solution of ammonium sulphate, sulphite, bisulphite, and 
thiosulphate. By autoclaving, this could then be converted 
into saleable ammonium sulphate and sulphur thus trans- 
muting air pollution into valuable merchandise. Pilot plant 
work on the half-boiler scale has been carried out both at 
Fulham and, more recently, at North Wilford (Nottingham) 
in the development of this process. At a symposium on the 
technical factors involved in implementing the Clean Air 
Act,* Mr T. KeNNAwaAy, Director of Research at Simon- 
Carves Ltd., stated that he now considered the process 
technically proved. Using single stage scrubbing a scrubbing 
efficiency of 94% had been achieved giving an outlet con- 
centration of 0.05 grains of sulphur per cu. ft. Further work 
was about to proceed using two stage washing; the sulphur 
loss should then be reduced to 0.03 grains per cu. ft and the 
ammonia loss to 0.05 grains per cu. ft or better. The process 
could become a revenue producer which meant that there 
was now a practical method capable of dealing with sulphur 
emissions from large industrial boiler installations. We 
understand that synthetic ammonia liquor can be used to 
supplement supplies of liquor produced at carbonisation 
plants. Although synthetic ammonia liquor is more costly, it 
is estimated that the higher cost might still be borne although 
it would reduce the profit shown by the process. 
* Organized by the Royal Society for the Promotion of Health. 


Measuring Air Flow with Remote 
Indication 


ONSTRUCTIONAL details and performance figures for 

a remote-reading vane anemometer are given in a recent 
paper by C. R. UNpEerRwoop and E. J. Warp.* The instru- 
ment is constructed around a miniature direct-current tacho- 
meter-generator with a linear speed/voltage characteristic 
giving 12 volts at a maximum speed of 3000 r.p.m. Torque 
opposing rotation is less than 1 gcm. A rotor, 4 in. in diameter 
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and fitted with eight blades, is mounted directly on to the 
generator shaft, and the vanes are protected by a band made 
of brass. The electrical signals can then of course be used in 
any of the usual ways for indicating, recording, alarm or 
control purposes. A cup-type of anemometer, directly 
mounted on a common shaft with a generator, has long been 
commercially available in this country but we understand 
that this development of the vane type is novel. Previous 
attempts to manufacture them have foundered because of 
excessive drag produced by the generator. It is claimed that 
in this case with a high resistance volt-meter the reading will 
have an error of less than 1% with the anemometer one mile 
from the meter. Variants of the instrument have been 
successfully used at air speeds up to 3000 ft/min. 
* J. Instn. Heat. and Vent. Eng., 1959, 26, 278. 


Review of the Newer Metals 


ITANIUM, zirconium and beryllium have all been known 
well over a century but they have been almost entirely 
undeveloped until the last few years. The needs of nuclear 
energy has been the main factor provoking fresh examination 
of their properties, production and fabrication. At the same 
time fresh needs have arisen in the power-producing, chemical 
and petroleum industries. They have demanded materials of 
construction having higher strength at elevated temperatures 
than the metals previously available and also resistant to 
such corrosive conditions not met by even the special corro- 
sion-resistant steels. This ground forms the subject matter 
of a wide-ranging review by Dr. N. P. InGuts, Research 
Director of I.C.I. Metals Division, in the course of the 1958 
Viscount Nuffield paper to the Institution of Production 
Engineers. Dr. INGLIs dealt largely with the metals named 
above but included briefer notes on niobium, molybdenum, 
hafnium and tantalum. Choice was dictated by the definition 
that they were metals which have now reached or are approach- 
ing significant industrial importance. Their emergence in this 
way is due to the special requirements of recent engineering 
developments. The metals are no longer solely of academic or 
subsidiary interest; they are now, or will shortly be, an 
essential part of the overall industrial picture and be available 
choices for the engineer when selecting a material of construc- 
tion. This new freedom of selection is due to progress in 
several branches of science and technology, such as the 
advances in vacuum engineering, in powder metallurgy and 
in analytical techniques. 


The Impact of Colloid Science 


T has been fairly well established that the mechanism 

of a heterogeneous catalytic reaction between, say, two 
reactants involves the chemisorption of at least one of the 
reactants. But it is not yet certain in any particular case 
whether catalysis entails the formation of an adsorption 
complex and subsequent reaction between two chemisorbed 
reactants in juxtaposition to one another, or a reaction 
between one chemisorbed and one physically adsorbed 
species. Yet in the majority of reactions of great industrial 
importance the rates are determined by the rates of 
reaction occurring in the monomolecular layer at the 
catalyst surface. This counterposing of fundamental and 
applied problems was characteristic of a recent critical 
survey by Srr Eric Riveat, F.RS., relating colloid science 
to technology. The lecture—delivered before the London 
sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry—ranged over many relevant 
subjects. What are the conditions for stability in mists 
and emulsions and how do they influence rate control 
processes in fractional distillation? Does research on 
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cleaning of fabrics shed light on the flotation of ores? 
Is there any practical value in noting that there is selective 
reduction of surface energy of solids brought about by 
liquids? On these and many other aspects of surface 
behaviour, Sir Enric provided insight which many 
engineers would find it useful to consider. It is to be hoped 
that the lecture will be published in full. 


Thermodynamic Properties of Pure 
Sulphur 


HE National Bureau of Standards have announced 

publication of a new set of data on the thermodynamic 
properties of sulphur. Because of the importance of these 
figures in predicting equilibria of chemical reactions in 
petroleum refining (which involve elemental sulphur) the 
programme has been partly supported by the American 
Petroleum Institute. Detailed results are due to be published 
in the Journal of the American Chemical Society. Briefly it 
may here be noted that the value obtained for the heat of tran- 
sition of rhombic to monoclinic sulphur was 401.7 j/g-atom 
at 95.31° C which is the transition temperature at saturation 
pressure. Heat of fusion was found to be 1717.6 j/g-atom 
at the equilibrium triple point, 115.18°C. The maximum 
heat capacity, which occurs at 159.1° C, is about 50% 
greater than at 120°C. This abnormal heat capacity is 
associated with the breaking of sulphur bonds and converting 
8-atom rings to chains. 


Methane Drainage 


EVELOPMENTS since 1956 in the drainage and use of 
methane from coalfields have been reported in a recent 
pamphlet by O.E.E.C.* Most European countries seem to 
have made considerable progress in tapping this source of 
natural gas and simultaneously improving mine-safety. 
This includes improvements in drainage and drilling methods, 
scientific control and safety devices. Chemical use of the 
gas is said to have been extended but the only direct evidence 
of this came from Belgium where it is now used after removal 
of carbon dioxide and air for reaction with chlorine gas to 
yield methyl chloride, chloroform and carbon tetrachloride 
which are separated by distillation. In Britain and the other 
co-operating European countries the applications reported 
were for fuel purposes either directly or after reforming, 

alone or blended with conventional fuel gases. 

* “Fire Damp”, Organization for European Economic Cooperation. 


Forming Granules 


OR any given material there is a critical moisture content 

at which the granules formed in a drum granulator will 
have maximum strength in the moist state. This is found to 
be of the same order but slightly lower than the saturation 
moisture content when all pores of the granule are filled with 
liquid. It follows, therefore, that the critical moisture content 
will vary with the porosity of the granule. When saturated 
with water a granule is held together mainly by capillary 
forces, which during drying diminish as the average moisture 
content falls. If the water contains a salt in solution adhesion 
due to salt deposition more than compensates for the reduc- 
tion of capillary forces and as soon as the surface of the 
granule begins to dry its strength increases rapidly. In addi- 
tion the strength of dry granules increases with the tempera- 
ture of drying. This is due to changes in the salt distribution 
and in the structure of the hard outer shell. These and many 
other interesting findings were recently presented in a paper 
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to the Fertiliser Society by Pror. D. M. Newitt and Dr. A. L. 
PAPADOPOULOS. 

To determine the mechanism of granule formation, studies 
had been directed to relating the mechanical strength of 
moist granules with the packing characteristics of the feed 
material and with the cohesive forces present in the initial 
stages of granulation and after drying. Redistribution of 
solute was examined for the case where a granule made up 
of both soluble and insoluble material is dried. Whilst the 
results were thought directly applicable to simple cases of 
granulation Pror. Newitt did not consider that they covered 
all the factors involved in complicated systems such as mixed 
fertilisers where preferential crystallisation may occur with 
segregation of individual solute components. It was intended, 
however, to extend the work to deal with the incidence of 
segregation and the phenomenon of caking. 


Steps in Leadership Training 

NCOURAGED by the progress of the pilot experiment 

in group-relations training organized by the Tavistock 
Institute of Human Relations and Leicester University in 
1957 (see British Chemical Engineering, 1958, 11, 593) these 
two bodies are sponsoring this year two further training 
conferences concerned with practical problems of effective 
leadership in a democratic society. The Institute will also 
start a new series of half-day conferences to be held in 
London once a week over an academic year. Both kinds of 
conference will have the same objective. The underlying 
thesis will be that (i) technological advance and incieased 
social mobility call for personal and social adjustments to 
new situations greater and more frequent than ever before; 
and (ii) appreciation of factors, emotional rather than 
intellectual that cause resistance to change and of the forces 
favourable to productive change, can increase the adapta- 
bility of idividuals and of the groups for whose work they 
are responsible. Mainly through participating in small- 
group life conference members, it is intended, will gain an 
insight into themselves. They should be enabled to experience 
and develop an appreciation of such processes as problem 
solving and decision-making in a group setting; the processes 
of leadership and authority; the contribution of members 
to the behaviour and performance of the group, and the 
effect of the small group in creating change within larger 
social units. Each conference will form part of a continuing 
and progressive investigation. The first this year will be 
held 8th-21ist April and enquiries about the series should be 
made to Prof. A. J. Allaway, M.A., J.P., Department of 
Adult Education, The University, Leicester, or to Mr. E. L. 
Trist, O.B.E., M.A., The Tavistock Institute of Human 
Relations, 2 Beaumont Street, London, W.1. 

A detailed account of the methods used in the pilot con- 
ference is about to be published in “Exploration in Group 
Relations,” by E. L. Trist and C. Sofer, University of 
Leicester Press, 7s. 6d. 


Vibrating Column 
‘i - main problem in liquid extraction is one of achieving 
the equilibrium conditions in the shortest possible 
height of contacting while at the same time preserving 
counter current flow of the separate phases. Prominent 
among the contributions that have already been made to 
this problem are the pulse column and the multi-stage column. 
To these has been added yet another recent device which 
overcomes such limitations of the pulse column as the low 
maximum frequency of pulsation and the expense of the 
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pulsating system itself. This new equipment avoids the 
complicated material construction of the multi-stage column. 
The new extractor makes use of a vibrating central rod to 
which are attached a number of evenly spaced perforated 
plates; the centrai rod is made to vibrate with frequencies 
of up to 3000 cycles per minute with an amplitude of 0.04 in. 
Counter current flow is readily produced since movement of 
the phases takes place through the perforators and the 
annular space between plate periphery and the containing 
shell. 

But in addition to this normal regime of counter current 
flow, local counter current conditions are established through 
the radiused profile of the perforators. A small prototype 
extractor of this kind has been constructed and used for 
zirconium-hafnium separators, and HTU values of 10 in. 
were obtained in a 2: 4 in. diameter column. 

N. Isaac and R. L. De Witte, A./.Ch.E. Journal, 1958, 498, 4, 4. 


Estimating Flow Through Manifolds 


ELAXATION methods figure in a recently presented 

method of estimating the discharge from ported ducts 
or pipes, or through manifolds. The various arrangements 
of manifold and ported pipes are characterised by the 
product of the coefficient of discharge through the openings 
and the ratio of area of openings per unit length of pipe 
to the cross sectional area of main tube or duct. 

Three cases are discussed: 1, friction is negligible and the 
area to length ratio for the openings is uniform; 2, the 
manifold has friction; and 3, the manifold has friction and 
the area to length ratio for the openings is not uniform. 

An equation is derived for the longitudinal component for 
fluid velocity at any position along the main pipe. This is 
solved by relaxation methods. From the values of this 
velocity it is then possible to calculate the velocity of dis- 
charge through an opening normal to the pipe; the static 
pressure and the total pressure at points along the tube can 
next be calculated. The author of this work, Dr. A. 
MARKLAND, presents three worked examples representative 
of each of the above cases. 

Engineering, 1959, 187, 4847. 


Model Display 


ODELS have definitely “‘arrived.”” This was the lesson 
of the Conversazione organised by the Society of 
Chemical Industry’s Chemical Engineering Group. No 
longer limited to a group of advanced thinkers, work with 
models has now become part of conventional design procedure 
in plant layouts. LC.I. Plastics Division had an exhibit 
taking the viewer through the stages of design using models. 
Industrial Models Ltd.. meeting the new needs, were showing 
their wares including a preliminary layout kit. Other firms 
showed displays intended for publicity purposes. Many of 
these might well be used for recruitment to chemical 
engineering at exhibitions directed to school children. When 
first we raised this question (for example in British Chemical 
Engineering 2, p. 526 and 3, p. 59) we understood that the 
possibility had not been considered, nor were the models 
available. Verb sap. 

A happy feature associated with this S.C.I. event was the 
display of designs—but not yet models—by the chemical 
engineering students of the Battersea College of Technology, 
where the function was held. Laboratories were open and 
the many lines of work in progress were being discussed 
with visitors by student researchers. 
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Fluidisation Symposium 
OST known fields of application for fluidisation were 
represented at the symposium run by that lively 
organization—the North Western Branch of the Institution 
of Chemical Engineers. This opened with fundamental 
papers on the rise of bubbles in a fluidised bed and on 
factors determining how a particulate bed behaves when 
fluid flows through it. A further five contributions then 
dealt with specific processes. H. L. Ritey deplored the fact 
that fixed bed technique is still used almost exclusively for 
naphthalene oxidation to phthalic anhydride in spite of the 
important advantages of the fluidised catalyst technique and 
discussed methods of achieving efficient operation of the 
latter. While describing development of the Frodingham 
Gas Desulphurising Process, S. A. Gregory also outlined 
features of the pilot plant construction and a new distribution 
plate design. In the two papers on purely physical operations 
it was interesting to note a reference to the largest fluidised 
drying unit now in operation; this is in the U.S.A. and said 
to handle 600 short tons per hour of coal below } in. in size, 
reducing the surface moisture from 8}% to 3%. 


Low-temperature Ozone Production 


ZONE is a powerful oxidising agent with many 
potential applications most of which have yet to 
be realised on account of the high cost of ozone. Among 
the few processes which at present make use of it on a 
commercial scale are the manufacture of artificial 
camphor and vanilla extract. The prospects of cheaper 
ozone are now made brighter by the announcement of a 
new process which has successfully prepared it from liquid 
oxygen on the bench scale. This process, which springs 
from work carried out by the NBS upon trapped free 
radicals owes much. of its development to R. A. 
RUEHRWEIN and J. W. Epwarps of the Monsanto 
Chemical Company (U.S.) and J. S. HasHMaN of Callery 
Chemical Company (U.S.). In this method, oxygen is 
sent through a high-frequency electric discharge into a 
Pyrex U-tube immersed in liquid nitrogen. The arrange- 
ment is such that a glow discharge occurs in the oxygen 
stream just above the liquid nitrogen level. Ozone is then 
produced as the dissociation products in this discharge 
condense on contact with the liquid-nitrogen-cooled 
surface. The liquid ozone, which forms in a narrow band 
on the wall of the U-tube a few millimetres below the 
glow discharge, drains slowly down the tube. 


Properties of Super-heated Steam 


OR the thermo-dynamic properties of steam reference 

is usually made to the work of Keenan and Keyes or 
to the later edition of the Callendar tables prepared by 
Callendar and Egerton. New data have recently been 
prepared by Pror. J. H. HorRLock* covering the pressure 
range 200-2000 psia and a temperature range of 400°- 
1000°F. He makes use of the empirical fact that the 
specific heat at constant pressure and the pv/T value are 
very closely functions of entropy only. A series of 
approximate equations are then derived which with suit- 
able constants permit the properties of steam to be 
estimated with fair accuracy within the above range. The 
enthalpy values obtained by this method are accurate to 
within +2 Btu/Ib. and the specific volume within 1.5% 
except where the saturation line is approached closely. 
For lower temperatures and pressures the use of the con- 
stants employed by Callendar would provide data with 
comparable accuracy. 

* Forthcoming paper to be presented to the I.Mcch.E. 
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Water 


== chemicals is thirsty work. 

The industry probably requires almost a thousand 
million gallons of water a day from all sources and is 
one of the largest industrial users of water in the country. 
This volume includes a large proportion of water from 
tidal rivers and estuaries; less than 10% of it is potable 
water. Nevertheless these are vast quantities and if the 
industry resumes its pre-1958 expansion up to 50% more 
water may be required in 1966 unless substantial 
economies are introduced. It would be possible to achieve 
this by process modification, recirculation of water or the 
introduction of air-cooling in a large scale. For cooling 
waters, there is already a substantial tendency to intro- 
duce recirculation systems particularly now that modern 
cooling towers with mechanical draught are resu!ting in 
greater efficiency of cooling and using a smaller ground 
area than the former natural-draught types. This may 
however involve extra costs for water treatment to prevent 
corrosion or build-up of deposits. In the case of process 
water, the factor controlling the decision on recirculation 
may be the value of the materials which would be lost by 
discharge of waste water or the cost of purifying an 
effluent to a quality acceptable to the river authorities 
rather than the need to reduce the demand for fresh water. 

Publication of two reports* by the Central Advisory 
Water Committee once again draws public aitention to 
the trends in water supplies. The estimates made are not 
entirely satisfactory—in some quarters they are thought 
to be unduly complacent—but in the present drought of 
knowledge they are the only trickles of information avail- 
able. The Committee itself appreciated that the statistical 
information is incomplete, particularly in respect of 
private supplies. It recommends the start of hydrological 
surveys in the first place in areas where the expected sur- 
plus of supply over demand is lowest. However, on the 
scrappy figures available, the Committee considered that 
the development schemes prepared by the public water 
undertakers will enable them to meet demands likely to 
be made on them up to 1965. For the more distant future 
it was estimated that there need be no shortage, previded 
schemes are prepared and authorised well in advance, and 
siting of industry “regulated” (by whom?) “with the water 
supply situation in mind.” 

Is the problem of water supply, in fact, influencing the 
location of chemical factories at present? Opinions on this 
point differ. Water supply has always been one of the 
factors to be taken into account in deciding on plant loca- 
tion. But all the other well-known considerations mani- 


Information on Water Resources’’, H.M.S.O., 
and ‘‘Sub-Committee on The Growing Demand for Water—First 
H.M.S.O., is. 3d. 
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festly must apply—access to raw materials and markets, 
supply of labour, transport facilities, fuel and power sup- 
plies. There may also be compulsion due to the Distribu- 
tion of Industry Acts, on grounds of social policy, to 
alleviate unemployment; and following publication of the 
Labour Party’s Douglas Jay Report on Unemployment 
there may well be increased pressure on these grounds for 
setting up factories specifically in development areas. Thus 
the final choice is a resultant of many forces, although the 
relative weight accorded to water supply in making the 
decision may well be rising. 

So far industrial consumers have been able to assume 
that cheap and sufficient water will be available. If the 
Committee have estimated correctly, we are safe up to 
1965, apart from temporary or local shortages. We have 
mentioned that this claim is disputed. But even if it 
should be correct there is a further consideration. From 
planning to completion of a reservoir there is roughly a 
five-year span. In 1959, therefore, we are effectively at 
the close of the planning period for any developments 
beyond the space of time officially considered. Does this 
not mean that now is the time to set fresh plans in motion 
to provide for the further increased demands? The 
Ministry of Housing itself, in its Annual Report for 1957, 
stated that in the long run, if the country is to have an 
effective water policy, the need for more reservoirs will 
have to be accepted. On the other hand, it scarcely seems 
justified to dignify with the term “policy” a proposal 
simply for more and more reservoirs alone, and we are 
attracted by the concept of river regulation authorities 
put forward in 1958 by Mr. C. A. RisBRiDGER. In a 
presidential address to the Institution of Water Engineers, 
Mr. RISBRIDGER allowed himself a “pipe-dream” of such 
an authority to regulate the river and to use its water 
for the common good. An important part of his proposal 
was the building of regulatory reservoirs to compensate 
for abstraction of water during times of low natural river 
flow. As the present adequate supplies dwindle into a 
possible shortage due to increasing demands, ad hoc 
requests for authority to build reservoirs will produce an 
ever more complicated and difficult situation which may 
well do harm even to the more powerful interests, although 
its first impact will, of course, be on the weaker. 

Because of its mammoth thirst, the chemical industry 
has such a strong vested interest in secure and expanding 
water supplies that proposals for a rational approach to 
water regulation should have a special appeal. Alongside 
more research on recirculation of waters and hydrological 
surveys, would it not be useful to consider this proposal 
as an approach to rational use of the country’s water? 
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66.048:551.464:551.481! 


Fig. 1. Construction of a multistage 
sea-water distillation plant which is 
now in operation at the Shell Car- 
don Refinery situated on _ the 
Caribbean Coast, Venezuela. 


LARGE-SCALE DEMINERALISATION OF SEA 


AND BRACKISH WATER 


A review of factors affecting the economics of distillation processes 


for desalination 


by A. M. ESHAYA, D.Eng., and B. F. DODGE, D.Sc. 


EA water contains approximately 35 5,000 ppm of dis- 

solved solids. The term “brackish water” denotes water 
with about 5000 ppm salts. Unlimited quantities of the 
former, and very large reservoirs of the latter, exist in the 
world today. Unfortunately, the high contents of dis- 
solved salts make these waters unsuitable for the purposes 
of the human race. Thus, before such waters could be 
used for irrigation, the concentration of salts should be 
brought down to the range of 500 to 1400 ppm’; stan- 
dards for potable water specify a maximum of 500 ppm, 
although a total of 1000 ppm is permitted when no better 
sources are available’; the maximum dissolved solids 
which may be tolerated in waters for industrial purposes 
depends largely on the specific use, but 1000 ppm is prob- 
ably a good average figure. 

There are numerous processes in existence today which 
are capable of demineralising sea and brackish waters to 
the degree suggested above. Some of these methods are 
relatively new developments, while others—those based 
on distillation—have been used in various forms for 
hundreds of years. The current interest in developing new 
processes for the large-scale demineralisation of sea water, 
in spite of the fact that there are available several tech- 
nically satisfactory methods for reducing the concentration 
of dissolved salts in water, points to the real nature of the 
problem—namely, the need for a cheaper process. Today 
the problem is not how to demineralise sea or brackish 





A. M, Eshaya is on the scientific staff of 3" Brookhaven 
National Laboratory, Upton, New York, and B. F. Dodge 
is Head of the Department of Chemical Engineering, Yale 
University, New Haven, Conn. 
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water, but how to do it at a cost which would be low 
enough to permit economically sound utilisation of the 
product. The difficulties in defining the upper limits of 
what would be acceptable costs are apparent. Obviously, 
no upper limit exists for potable water where such water 
is necessary to sustain human life and no other sources 
exist. For irrigation purposes it is generally believed that a 
maximum possible cost is in the neighbourhood of about 
15 cents per 1000 U.S. gallons. Industrial uses may support 
a cost in the range of 15 to 75 cents per 1000 U.S. gallons, 
depending on the industry using the water. 

When considering the costs inherent in any one process, 
the three items of importance are: 


(a) annual fixed charges on plant; 
(b) energy cost; and 
(c) raw materials cost. 


For a given process, items (a) and (b) are usually so 
related as to make a decrease in one result in an increase 
in the other, and determining the optimum combination 
for any specific case is one of the important tasks of the 
designer. In considering the energy costs for any physical 
or chemical transformation process, it is useful to deter- 
mine the theoretically minimum energy requirement for 
the process, and compare actual requirements to the 
theoretical minimum. Application of the first and second 
laws of thermodynamics to any process leads to the follow- 
ing general relation for minimum work: 


W min = AH 7 TAS 


where AH is the overall enthalpy change in the process, 
AS is the entropy change, and 7, is the lowest temperature 
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at which large amounts of heat can be discharged. To 
calculate AH and AS, one imagines a three-step process 
consisting of: (a) vaporisation at constant pressure, P,, the 
vapour pressure of the solution at the given initial tem- 
perature; (b) isothermal compression of the vapour from 
P, to Pw, the vapour pressure of pure water; and (c) con- 
densation of water vapour at the constant pressure, P». If 
Q is the heat of vaporisation of one mole of vapour from 
the solution, Q’ the heat of condensation of the vapour, 
and if one assumes that the vapour is an ideal gas, then: 


AH=Q2-@? 
and 
Q @ Pw 
= =— = —Rin—. 
AS T Tr Ras 


There is a definite difference between Q and Q’ related to 

a heat of solution, but for such a dilute solution this dif- 

ference is very small and to a good approximation: 
Q-Q=0. 


This leads to the final expression for minimum work: 
Py 
Win = In—. 
RT, In P, 


If the temperature of the sea-water feed, the pure water 
product, and of the heat sink are all 25°C, all terms in the 
above equation are known, and W» is 13.05 cal/mole or 
2.85 kWh per 1000 U.S. gal. This is a very low figure and, 
as will be pointed out later, the best of actual processes 
(as contrasted to the idealised reversible process) require 
about 20 times as much energy. The essential difference 
between the ideal process and the actual one is that in the 
former all driving forces are reduced to zero. Since driv- 
ing forces determine equipment sizes and zero driving 
forces would lead to equipment of substantially infinite 
size, a compromise must be made. The important point is 
that any attempt to reduce energy requirements and ap- 
proach the ideal case more closely will inevitably lead to 
higher capital costs of equipment unless at the same time 
some compensating effect can lead to higher values of the 
rate coefficients. An example of such a compensation will 
be given later. 

A point which should be emphasised is that the quantity 
of energy required for a given process does not tell the 
whole story. Of considerable economic importance is the 
form in which this energy is needed (electrical, heat, etc.) 
and, in the case of heat, the temperature level at which 
the heat should be supplied. The statement that a process 
requires 20,500 Btu of energy per 1000 gal. of product has 
one meaning if this energy could be supplied in the form 
of waste steam or warm water, and another if the above 
number of Btu are needed in the form of 60 kWh of elec- 
tric energy. 

Methods which have been used commercially for the 
demineralisation of saline water are those based on: 


(1) distillation; 
(2) ion exchange; and 
(3) electrodialysis, 


Distillation methods are the oldest and the most com- 
monly used. An excellent and entertaining review of the 
“state of the art” in the seventeenth and eighteenth cen- 
turies is due to THOMAS JEFFERSON in connection with the 
request for a reward for the discovery of a miraculous 
“distillation mixture” by one Jacosp Isaacs of Newport, 
R.I3 More than 95% of the demineralised water produced 
in the world today is produced by variants of the basic 
distillation scheme, and the rate of growth of installed sea 
water distillation plant capacity throughout the world is 
remarkable—from about 400,000 gal. per day in 1940 to 
12,500,000 gal. per day by 1960.‘ 

All distillation processes are based on the transfer of 
heat across a metallic surface, evaporation of all or part 
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of the saline water and condensation of the resulting 
vapour. It is clear, therefore, that the problems in any 
distillation cycle are mostly the usual problems of heat 
transfer to boiling liquids. Since the fixed charges of a dis- 
tillation plant are determined to a large measure by the 
cost of the required heat exchangers, it is very important 
to obtain high overall coefficients of heat transfer in all 
heat-transfer steps involved in the cycle. This in turn 
means that the individual resistances—those due to the 
liquid film, the condensate film and scale—must be 
minimised. 

Scale formation is, indeed, one of the most vexing 
problems encountered in the distillation of sea water. The 
main components of scale are CaCO;, Mg(OH) and 
CaSO,.4H:,0O. When the temperature of sea water is raised, 
the bicarbonate ion present in it is decomposed according 
to the reaction 

2HCO;s5 CO? + H,O + CO, 
and evolution of CO, continuously disturbs the equili- 
brium, allowing the reaction to continue to completion. 
The carbonate ions thus formed either react with avail- 
able Ca to precipitate CaCO; or, at a somewhat higher 
temperature, the following reaction occurs. 

CO} + H,O s CO, + 20H-. 
The hydroxyl ions are then available for a reaction with 
Mg”*, resulting in a Mg(OH)» precipitation. The salts res- 
ponsible for formation of scale show diminished solubili- 
ties as the temperature of the solution is increased, and 
this aggravates the problem in general. The type of scale 
which is formed is dependent on the temperature of the 
saline water.*° At temperatures between 150° and 180°F, 
the major component of the scale shifts from calcium car- 
bonate to magnesium hydroxide. Numerous methods of 
scale control are available and have been successfully 
tested (pH control, contact stabilisation, seeding, etc.). 
However, it should be noted that these methods do con- 
stitute an expense which is sometimes unacceptable in the 
stringent economics of large-scale demineralisation. 

In a simple distillation scheme the energy required to 
produce 1 lb. of product is at least equal to the latent 
heat of water, i.e., about 1000 Btu. This is obviously a 
prohibitively large energy requirement, equal to about 800 
times the theoretical minimum energy. Thus it is seen that 
the important consideration in all distillation schemes are 
those of improving heat-transfer cofficients and reducing 
the energy requirement. The several distillation schemes 
to be discussed in what follows represent efforts towards 
an improvement in the above two directions. 


Multiple Effect Evaporation 

A series of evaporators arranged so that each unit 
operates at a slightly lower temperature (and pressure) 
than the preceding one reduces the energy requirement 
given in the previous paragraph by a factor approximately 
equal to the number of units (or effects) in series. The 
temperature range between the first and last evaporators is 
fixed at one end by the temperature of the available energy 
source and, at the other, by the temperature of the heat 
sink which is usually the sea itself. The average tempera- 
ture difference available for transferring heat in each 
of the n effects is: 


te — ts — XB.P.E. 
n 





Atay — 


where ¢, = temperature of energy source; 
ts = temperature of heat sink; and 


>B.P.E.= sum of boiling point elevations in all the 
effects 
As n increases Af.» decreases, and the fixed charges 


increase since these are proportional to the size of the 
required heat-exchanger surface which in turn is inversely 
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proportional to the temperature difference, Az, between 
the boiling brine and the condensing steam. The reduc- 
tion of energy requirement is accompanied, therefore, by 
an increase in the fixed charges. The optimum number of 
effects depends on many factors such as the cost of energy, 
the unit cost of evaporator surface, the temperature of the 
energy source, etc., GILLILAND* has estimated that for plant 
capacities from 3 X 10° to 5 X 10° gpd, 13 to 19 effects 
will be needed to reduce the cost of product to 40 to 60 
cents per 1000 gal. if steam is available at 40 cents per 
10° Btu. The Fluor Corporation’ has evaluated 7, 10 and 
13 effect plants operating between f. = 250°, 220° and 
120°F and a final condensing temperature of 95°F (1.66 in. 
Hg); the optimum number of effects determined under the 
various conditions assumed is between 7 and 8, for plant 
capacities in the range of 10’ to 5 X 10’ gpd. The overall 
heat-transfer coefficient in such systems varies consider- 
ably with the type of evaporator used and the degree of 
concentration obtained in any given effect. However, the 
value of 350 Btu/hr °F ft® may be considered a represen- 
tative average. 

One of the greatest advantages of the multiple effect 
evaporation plant is its ability to operate on a low-tem- 
perature heat supply. Thus waste steam from a power 
plant or from a chemical process could be used as a cheap 
source of energy. It is not accidental, therefore, that some 
of the largest sea-water distillation plants in the world, 
those located at Kuwait and at Aruba, are of the multiple- 
effect type and are designed to operate in conjunction 
with power plants. 


Vapour Compression Distillation 

Another way to reduce the energy requirement in dis- 
tillation involves the compression of steam to a tempera- 
ture higher than the boiling point of the brine from which 
the steam was obtained so that its latent heat, upon con- 
densation, may be used to evaporate an equivalent quan- 
tity of steam from the brine. The energy input in the 
system, except for start-up procedures, is the energy 
required by the compressor. This energy is usually only 
a small fraction of the latent heat of evaporation and is 
proportional to the compression ratio. The latter, in turn, 
determines the temperature difference across the heat 
exchanger. Thus again one is faced with the problem of 
determining the optimum combination between cost of 
energy and cost of heat exchangers. The vapour compres- 
sion still, because of its compactness, has found extensive 
use on board ships and in other applications in capacities 
usually not greater than 20,000 gpd. The upper limit of the 
capacity of a single unit is imposed by the size of steam 
compressors, 

At present it appears feasible to build steam compres- 
sors of 500,000 cfm capacity, although such a unit will be 
considerably larger than any compressor in existence.” At 
atmospheric pressure this would correspond to a plant 
producing 3 X 10° gpd of distillate, so that there is no 
inherent limitation of this type of cycle to the small size 
units. A possible disadvantage of the vapour compression 
cycle is its need for either electrical energy, in the case 
of motor-driven compressors, or high-pressure steam for 
the turbine drive of the compressors. Some estimates give 
70kWh per 1000 gal. of product as a practical limit for 
large-scale installations operating on conventional vapour 
compression cycles, although some commercial claims are 
in the range of 50 to 60 kWh for existing equipment.” 
This is somewhat less than one-tenth of the energy require- 
ment for the largest multiple-effect evaporation system in 
existence,” but still twenty times greater than the 
theoretical minimum energy. 

Various modifications of the basic vapour compression 
cycle are possible. A promising design utilises incomplete 
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expansion of the steam needed to drive the compressor 
turbines with subsequent condensation of this steam so 
that additional heat is available. This results in substantial 
savings in the auxiliary heat exchanger system. The cost 
of the product from a proposed plant using this cycle was 
estimated to be 88 cents per 1000 gal." 

Both the multiple-effect evaporation and the vapour 
compression schemes make possible very considerable re- 
duction in the energy requirement over that of simple 
distillation. As far as reduction of fixed charges by increase 
in the overall heat-transfer coefficient is concerned, three 
main lines of approach are being followed at present: 

(a) Forced circulation of brine in tubes. The well- 
established Drtrus-BoeELTerR relationship between the 
liquid-film coefficient of heat transfer and the Reynolds 
Number shows that this coefficient is directly proportional 
to the 0.8 power of the velocity of the liquid. Thus, 
increasing the brine velocity in the tubes from the 2 fps 
of natural convection to 8 fps will triple the coefficient 
of heat transfer on the brine side and thus affect materially 
the overall coefficient. This improvement, however, is 
obtained at the expense of mechanical energy of pumping 
which increases as the square of the velocity. A brine 
velocity of about 10fps appears to be the upper limit 
beyond which no overall savings may be realised by this 
method.": 

(b) Dropwise condensation of the steam. When steam 
condenses on a surface which is not wetted by water, the 
condensate is formed as small droplets which roll off and 
expose continuously new parts of the surface to the gas 
phase. In contrast, the usual type of condensation—film 
condensation—produces an unbroken film over the whole 
exchanger surface. This type of condensation results in 
coefficients of the order of 1000Btu/hr °F ft®, while 
dropwise condensation leads to values in the range of 
10,000 to 18,000 Btu/hr °F ft®..* This desirable pheno- 
menon may be brought about by introducing on the metal 
surface a layer of molecules containing hydrophobic func- 
tional groups. Many compounds have been tested for this 
purpose with varying degrees of success,” and while 
there is no difficulty in initiating dropwise condensation, 
the problem is to be able to maintain it for periods of time 
sufficiently long to be industrially attractive. Another 
problem is that of maintaining it over a large, complex 
tube bundle as compared to a single tube. 

(c) The Hickman rotary still. This is basically a vapour 
compression still in which heat is transferred across rapidly 
revolving conical surfaces. The brine in such a still is in 


‘ rapid motion comparable to that encountered in forced 


circulation. The condensation mechanism is to a certain 
degree similar to that encountered in dropwise condensa- 
tion inasmuch as condensate is rapidly removed by the 
strong centrifugal forces. Overall heat-transfer coefficients 
of 2000 to 3000 Btu/hr °F ft? have been reported for this 
type of still.” *: ** Mechanical design considerations would 
probably tend to limit the size of such stills to capacities 
of about 20,000 gpd. 


Other Distillation Processes 

The application of low-temperature flash distillation to 
sea-water demineralisation has been under investigation 
during the last five years. In this variant of the basic dis- 
tillation process, evaporation takes place in a vessel main- 
tained at a pressure lower than the saturation pressure 
corresponding to the temperature of the brine entering the 
vessel. As a result, a fraction of the brine is evaporated and 
subsequently condensed. Single-effect and multiple-effect 
arrangements are possible. An advantage of the low- 
temperature flash process is the decrease in the severity 
of the scale problem. Low temperatures and avoidance 
of boiling on the heat--exchanger surfaces are conducive 
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Fig. 3. The Hickman rotary still. Heat is transferred 
across rapidly rotating surfaces in this still. 1, heater; 
2, distributing nozzles; 3, scoop; 4, rotor; 5, bearing 
tube; 6, hub; 7, preheater; 8 and 9, pumps; 10, feed- 
effluent heat exchanger; 11, degasser; 12, free-stage 
turbo compressor; and 13, manometer. Mechanical 
design considerations probably limit the output of this 

type of still to about 20,000 gpd. 
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to lower rates of scale formation on these surfaces, For 
large demineralisation plants the low-temperature flash 
cycle is economically attractive when waste or low-grade 
energy is available. ~ 

An interesting idea, first suggested by B. C. VON PLATEN, 
is the distillation of sea water in the critical region, i.e., 
at temperatures and pressures above 700°F and 3000 psi 
respectively. The scheme offers the following three potential 
advantages : 

(a) The enthalpy change needed for “phase” separa- 
tion in the super-critical state is much smaller than that 
involved in vaporisation in the sub-critical. region. 

(b) The temperature-enthalpy diagram in the super- 
critical state is essentially linear throughout the range 
of interest (see Fig. 1). This linearity is somewhat dis- 
turbed by the hump in the 700°F to 1050°F range, but 
it should be noted that this relatively flat portion of the 
curve is only about 30% of the plateau of the water to 
steam transition in the sub-critical state. This makes 
possible the extraction of heat throughout the whole 
temperature range with small temperature driving forces. 
Thus, practically all the heat is recovered under condi- 
tions approaching the ideal reversible process more 
closely than any other process. 

(c) The volume of all equipment is much smaller 
because of the high density of the gaseous “phase”’. 
Experimental work on super-critical distillation of sea 

water has shown, however, that intense corrosion and 
scaling occur under these conditions.” The need for expen- 
sive materials and techniques makes the economic large- 
scale application of these ideas appear problematical at 
the present. 

The need to reduce energy requirements in a distillation 
cycle is completely eliminated if one could use a source 
of energy which supplies it at no cost. Such a source of 
unlimited amounts of energy is the sun, and the utilisation 
of solar energy for sea-water conversion purposes is an 
old and inherently very attractive idea. The annual average 
intensity of solar radiation striking the earth’s surface 
varies with geographical location from about 880 Btu/ft® 
per day in London to 2000 Btu/ft? per day in Tamanarasit, 
Algeria. The diffuse nature of this type of energy requires 
large collecting surfaces if any substantial production of 
distillate is to be achieved. Thus one is faced with the first 
unpleasant fact of this scheme—the free solar energy can 
be collected into useful quantities only at the expense of 
high capital investment with resulting high fixed charges. 
Once collected the solar energy may be used either to pro- 
duce steam in solar boilers with which any of the 
previously described distillation cycles may be actuated, 
or directly in solar stills. The former scheme is not com- 
petitive with other available energy sources and need not 
be discussed any further. 

The first solar still of any size (which is also the largest 
solar still ever built) was constructed in Las Sulinas, Chile. 
It consisted of shallow black wooden troughs covered with 
sheets of glass. The total covered area with 1.175 acres 
and the capacity was 5000 gal. of distillate on summer 
days.” This represents a yield of 0.8lb. per day per sq. ft 
at a cost of 1 cent per gal. 

Substantial progress has been made in design and 
materials since the Las Sulinas still. A simple sloping glass- 
cover still has been designed by TELKEs and tested exten- 
sively in the Virgin Islands.*' The deep-basin still®® is built 
directly on the ground without bottom insulation and 
contains about 1 ft depth of water rather than the thin 
layers over a black bottom used in the earlier designs. The 
glass surfaces slope at about 15°. It is hoped that the 
larger mass of water in this type of still would permit con- 
tinuous distillation over periods during which the intensity 
of the impinging energy would not be adequate to main- 
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tain vaporisation in a shallow still. Another modification 
utilises plastics for both still body (black polyethylene 
sheet) and condensing surface (transparent films of Teflon) 
supported by air pressure. The main problem of using 
plastic materials for the condenser is to develop films 
which will withstand long exposure without deterioration 
of their transparency and subsequent decrease of efficiency 
of energy transmission. In place of water layer reposing 
on a black surface, it is possible to use an absorbent 
surface kept humidified. A promising approach is the 
application of the multiple-effect principle to solar 
stills.” ® The multiple-effect still consists of several parallel 
layers of absorbent materials sandwiched between plastic 
films. The vapour condensing on the bottom side of such 
a layer supplies the necessary heat of vaporisation to the 
brine in the adsorbent layer above it. A 10-effect still of 
this type produces from 4 to 6 times as much water per 
sq. ft of collecting surface; however, such a still is, of 
necessity, a much more complex unit and considerably 
more expensive to build. Bjorksten Research Laboratories 
have developed the suspended-envelope solar still which 
consists of a transparent plastic envelope surrounding an 
absorbent evaporating surface.** The still is suspended on a 
steel cable and ease of installation, ruggedness and port- 
ability are claimed for it. 

The cost of water produced by solar distillation has 
been estimated to be anywhere in the range of $0.50 to 
$6.00 per 1000 gal.* Assuming a 50%, efficiency of energy 
utilisation and a cost of $0.60 per sq.ft of still, the cost 
of the product would be from $1.31 to $1.97 per 1000 gal.* 
These figures show that although the energy received from 
the sun costs nothing, the economics of solar distillation 
is somewhat less favourable than that of the other distilla- 
tion processes, at least with present-day technology. 


Conclusions 

The above brief discussion of the application of distilla- 
tion to the large-scale demineralisation of sea water has 
attempted to point out some of the more important prob- 
lems encountered in the distillation of sea water, and some 
of the approaches being pursued in an effort to resolve 
them. The encouraging progress which has been made in 
the last decade in the control of scale is an example of 
the gradual improvement which may be expected to result 
from further work in the direction of cheaper and more 
efficient heat-transfer surfaces and more effective utilisa- 
tion of energy. Such improvements will be reflected in the 
overall cost of the product, bringing it closer to, and 
possibly within, the range of economic large-scale 
utilisation. 
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“Know-how” for Export 


AS A RESULT OF experience gained on the Newman 
Spinney (near Chesterfield) underground gasification pro- 
ject for the National Coal Board, Humphreys & Glasgow 
Ltd. have announced that they may now be able to 
export the technical “know-how” to other countries. 

Experimental work is to cease at Newman Spinney in 
the early summer, as the N.C.B. feel that the commercial 
prospects of underground gasification, as far as the fuel 
needs of this country are concerned, do not justify 
further expenditure as, they say, it is clear that consider- 
able development work remains to be done. 

The work at Newman Spinney was on thin and faulted 
seams which would not normally have been mined. The 
cost of the gas from such seams—used to run a generat- 
ing plant—would have been 3d. a therm. This is only 
just competitive with normal methods of producing 
power. 

However, several overseas countries are known to have 
coal deposits in which underground gasification may have 
a better chance of economic success, and it is in those 
countries that Humphreys & Glasgow hope to introduce 
the process. A number of inquiries have, say the company, 
already been received. 

Humphreys & Glasgow Ltd. were appointed to take 
charge of the Newman Spinney project after the N.C.B. 
took over its control from the Ministry of Fuel and Power. 
The company was to construct and operate a pilot-scale 
gasification installation to provide gas for a 3.75-mW 
generating plant installed by the C.E.G.B. It was also to 
carry out experimental and development work, and 
prepare designs for a 60-mW commercial-scale plant for 
erection should the pilot-scale installation prove success- 
ful and economic. 
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An installation at Bromborough, recently commissioned, 
makes available a new British source of castor acids 


T Bromborough Pool, Cheshire, Price’s (Brom- 

borough) Ltd. have installed new plant. specially 
designed for the manufacture of hardened castor oil fatty 
acids (12-hydroxystearic acids) and ricinoleic acid from 
hydrogenated castor oil and castor oil. 

A carboxyl group and a hydroxyl group are present in 
the molecule of both of these acids, and, under normal 
high-pressure splitting condition, interesterification between 
the groups takes place with a consequent drop in the free 
fatty-acid content of the product. To prevent this reaction, 
the splitting process is carried out by caustic soda saponi- 
fication of the glyceride oil—a method basically that of 
soap manufacture. The oil is heated with aqueous caustic 
soda solution to produce sodium soaps of the component 
fatty acids and the acids are obtained by decomposing the 
soaps with mineral acid. Under those conditions interesteri- 
fication does not take place. 

The new plant, built by Price’s Engineering Depart- 
ment, consists of two identical mild-steel saponification 
vessels in which the oils, in charges of 24-3 tons, are 
heated with aqueous caustic soda. The vessels are fitted 
with an open steam heating coil, a slow-speed agitator and 
cold-water spray which can be used to control frothing that 
may occur as a result of the heat produced during the 
reaction. While saponification is taking place in one ves- 
sel, the contents of the other are being treated in the soap- 
decomposition vessel. This vessel has been made of a 
variety of Keebush, because of that material’s resistance to 
acids and alkalis and of its poor conductance of heat. 
Two low-pressure steam ejectors act as a source of heat 
and agitation. In it, the sodium soaps, together with the 
glycerin liberated during saponification, are mixed with 
excess hydrochloric acid solution and the contents are 
boiled to ensure completion of the reaction. The spent lye, 
containing glycerin and sodium chloride, is run off through 
a Keebush fat-trap, which retains any entrained fatty acid. 
If the product is ricinoleic acid it is run into drums, but 
the 12-hydroxystearic acids are fed to a twin-roller, water- 
cooled flaker and the flakes are bagged. 

The decomposition vessel is also fitted with a Keebush 
cold-water spray condenser, vented to the atmosphere, to 
prevent the escape of hydrochloric acid into the air. The 
mineral acid is stored in a rubber-lined mild-steel tank 
vented to the atmosphere via a spray condenser. The 
caustic soda solution is stored in a tank of mild steel. 
There are also auxiliary storage tanks for the castor oil, 
hot water and the spent lye. The hardened castor oil fatty 
acids, produced for supply under the company’s brand 
name, contain about 85% of 12-hydroxystearic acid, the 
remainder being predominantly stearic acid. The ricinoleic 
acid has a free fatty acid content of 93% minimum com- 
pared with the figure of 60-65% for “split castor oil fatty 
acids”. Tung-oil fatty acids with a free fatty acid content 
of over 95% may also be produced in the plant. 
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CASTOR-OIL FATTY-ACIDS PLANT 





General view of the fatty-acids plant. 
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CATHODIC PROTECTION OF HEAT EXCHANGERS 


Protection of condenser components is aided by a theoretical 
analysis of the mechanism of cathodic protection 


by C. PLUMPTON,* M.A., Ph.D., and C. WILSON,? B.Sc. 


HE rapid onset of corrosion in industrial heat ex- 

changers is a source of considerable inconvenience and 
expense, much of which may be eliminated by the use of 
appropriate anti-corrosive measures. During the last few 
years the development of anode materials and engineering 
techniques has resulted in the successful application of 
cathodic protection to many heat exchangers and in par- 
ticular to steam condensers. Although many of the cathodic 
protection installations already in operation have been 
found to inhibit corrosion to a remarkable extent, it must 
be realised that cathodic protection may require supple- 
mentation by other protective devices. 

In this paper, reference to a condenser implies a heat 
exchanger with the product passing by one wall of the 
exchange tube and water passing by the other wall. Catho- 
dic protection is normally applied on the water side of the 
system; the corrosion, if any, on the other side of the 
system is usually overcome by suitable choice of materials. 
The types of condensers considered and the main forms of 
corrosion to which they may be subjected are considered 
first. The protective devices used to date are then dis- 
cussed and an account given of the mathematical theory 
of cathodic protection; finally the associated engineering 
problems are considered. 


Corrosion Problems 

To date, the condensers to which cathodic protection 
has been applied may be divided into two basic groups. 
In one group the cooling water flows through the tubes 
and in the other group water flows round the tubes. 
Included in the first group is the conventional generating- 
station type of steam condenser. This consists of a bundle 
of horizontal tubes joined by two vertical circular tube 
plates. Water is contained in end-cap boxes containing 
baffles to produce counter water flow. Also included in this 
group is the type known as the “floating head” condenser 
normally used in oil refineries. This differs from the con- 
ventional pattern in that the tubes loop at one end and 
return, giving, in effect, only one water box with water 
introduced in the head holding the loops. 

The normal type of condenser in the second group re- 
ferred to above is similar in design to the conventional 
“flow through” pattern, but water flows in the main casing 
around the tubes. This type gives rise to many extremely 
difficult anti-corrosion problems, both in the theoretical 
and the practical senses, and is still under investigation. 
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The open-top box cooler, used in refineries and consisting 
of a rectangular box containing banks of tubes laid hori- 
zontally, has been successfully protected. 

In practice it has been found that the majority of 
condensers suffer from corrosion. We give here a brief 
account of the most common forms which corrosion may 
take, together with some simple illustrative examples. 


(a) The Simple Galvanic Cell 

A simple galvanic cell is formed when two dissimilar 
metals are in proximity in the presence of an electrolyte. 
A potential difference between the metals is set up, current 
flows in the electrolyte and the metal A emitting the 
current, the anode, is corroded. The metal B absorbing 
the current, the cathode, is protected from corrosion. As 
a simple illustrative example, when steel and cast iron are 
present under such conditions the steel acts as the anode 
and corrodes rapidly whilst the cast iron is protected. 


(b) Preferential Corrosion 

Practically all metals used in engineering structures are 
alloys containing a variety of metal mixtures set in variable 
matrices. Galvanic cells frequently exist in such mixtures 
and corrosion of the anodic regions is a common occur- 
rence. A simple example of this type of corrosion is the 
“graphitic corrosion” of cast iron which consists of iron 
set in a graphitic matrix. Since iron is anodic to graphite, 
the iron is reduced to iron salts which enter into solution 
in the electrolyte, leaving areas of graphite. This form of 
corrosion generally takes place very rapidly, since the iron 
anodes are usually small when compared with the graphite 
cathodes. 


(c) Stress Corrosion 

When a piece of metal is subjected to a stress a d.c. 
voltage is produced along the plane orthogonal to the 
stress. As a result, corrosion may be expected to occur 
because of the currents flowing in neighbouring elec- 
trolytes. In condensers this phenomenon occurs where the 
tube-ends are expanded into the tube plate, and hence 
excessive corrosion of the tube-ends frequently occurs. 


(d) Bacterial Corrosion 

When certain bacteria breed they produce sulphates 
which in appropriate surroundings give rise to weak sul- 
phuric acids. The low resistivity of zones containing such 
acids implies that any existing potential differences, due 
to causes already discussed, will give rise to relatively 
high currents and thus more rapid corrosion. 


(e) Stray Potential Corrosion 

Any stray d.c. potential may be sufficient to produce 
corrosion if the resistivity of the electrolyte is sufficiently 
low. Such stray d.c. potentials may be produced in many 
ways, e.g., by the friction set up in a dry bearing or the 
rectification of an a.c. leakage by an oxide film between 
two metals. A stray d.c. potential may find a lower resis- 
tance path through an electrolyte than through a metal. 
When this occurs rapid pitting will take place in the 
regions where the current leaves the metals. 

Although the corrosion encountered in condensers is 
usually due to one or more of the causes discussed above, 
mention must also be made of the possibility of impinge- 
ment attack due to a combination of erosion and cavita- 
tion. Water usually contains dissolved gases of some kind 
and when the flow is suddenly throttled these gases may 
be forced out of solution and impinge violently against 
the walls of the container. This phenomenon may be the 
main cause of the severe corrosion found to occur at the 
inlet end of the tubes in the conventional steam con- 
denser. Furthermore, any edges in the water stream are 
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naturally subject to abrasion from particles suspended in 
the water. 

We may now anticipate the location of the various 
forms of corrosion to be expected in a conventional power 
station condenser where, generally speaking, the end-boxes 
are of cast iron, the face plate of Admiralty bronze or 
gunmetal and the tubes of non-ferrous alloys. In the 
following table “C” indicates substantial corrosion and 
“N” indicates that only slight corrosion may be expected. 














Table I 
Corrosion due to cause 
Component 

(a) (b) (c) (d) 
End-box walls N + N Cc 
Face plate * * N = 
Tube ends © © c 
Structural bolt heads, etc. Cc & Gc Cc 























Clearly from this table, it is to be expected that a region 
of maximum corrosion will lie in the neighbourhood of 
the tube-ends, which also suffer impingement and cavita- 
tion attack. Serious graphitic corrosion is practically 
always encountered on the end-box walls, but corrosion of 
the face plates is not usually very severe. 


Methods of Protection 

In order to inhibit corrosion in steam condensers, the 
following protective methods may be employed: (a) the 
use of electrically insulating materials; (b) chemical treat- 
ment of the water used; (c) the use of paint and special 
coatings; (d) the capping of the tube ends; and (e) overall 
cathodic protection. Here we briefly consider each of 
these methods in turn. 


Electrical Insulation 

The materials employed in condenser construction are 
inducive to the formation of large galvanic cells, especially 
in the region where the end box meets the face plate. 
Theoretically, the introduction of an insulating gasket and 
insulating sleeves and washers on the fixing bolts should 
remove these cells. However, this method gives rise to 
extremely difficult engineering problems and is very ex- 
pensive if not allowed for in the initial design. 


Water Treatment 

A logical method of reducing corrosion is to ensure that 
the electrolyte present is non-corrosive, that is, substan- 
tially to increase its resistivity. In a condenser this may 
be achieved by chemical treatment of the water used. 
However, the equipment necessary for the treatment of 
such large quantities of water as are normally used in this 
work may be very expensive to install and operate; even 
then there is the possibility that corrosion would occur 
should the treatment system break down in any way. This 
method should not be ignored, but it is only in a few 
special cases that water treatment systems may be 
efficiently and economically used. 


Use of Paints and Coatings 

One of the best methods of inhibiting the corrosion of 
condensers is to ensure that the metal is not in contact 
with the liquid. This is usually achieved by coating the 
metal surface. In the conventional cooler, however, only 
the back box may be coated effectively, since the coating 
of the tubes is not feasible due to unfavourable alterations 
in their heat transport properties. Since the maximum 
corrosion is to be expected on the tube plate and tubes, 
the coating of the box will only provide partial protection 
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Moreover, although many forms of coating have been 
used, it would appear that, to date, neoprene is the only 
coating giving any reasonable measure of success. Since 
neoprene must normally be applied in layers, as many as 
20 layers being required, this system is extremely expensive 
but may be recommended in certain circumstances. 


Capping the Tube Ends 

A practice has arisen whereby the tube ends on the 
inlet side of a condenser are covered by a plastic cap 
which is plugged into the tube and reaches about one 
diameter along the tube. This practice may eliminate the 
normal erosion and cavitation effects experienced on tube 
ends, but usually causes more rapid corrosion of the tube 
plate. This practice is to be recommended, but should be 
applied with a cathodic protection system as discussed 
below. 


Cathodic Protection 

Basically cathodic protection is the method whereby the 
entire surface of the equipment to be protected is made 
the cathode of an electrical circuit. This necessitates the 
introduction of suitable anodes into the region containing 
the corrosive electrolyte. These anodes must be inserted 
through the walls of the structure to be protected and the 
mountings must meet the following four requirements: 
(i) They must be made of insulating material. (ii) The 
method of mounting must produce a watertight joint 
capable of withstanding the maximum pressures likely to 
be experienced. Such pressures are usually quite low. (iii) 
The mounting material must be free from corrosion. Fre- 
quently this is achieved by including the mounting in the 
cathode surface. (iv) The anodes must be easily accessible. 
This generally implies that the mountings may be easily 
dismantled. On the other hand, the anodes themselves 
must be of sufficient bulk to have an economic life, must 
be relatively small so as not to seriously impede the water 
flow and also capable of withstanding erosion due to 
suspended solids and possible cavitation. 

Two distinct methods of cathodic protection may be 
employed. Either sacrificial anodes, usually made of mag- 
nesium, may be used, or an impressed current, achieved 
by feeding the output of a transformer rectifier through 
a relatively inert material such as graphite, may be applied. 
Both forms of cathodic protection may be applied to struc- 
tures with bare or coated surfaces. Cathodic protection, 
properly applied and maintained, will give “blanket” pro- 
tection against most forms of corrosion, but, before any 
attempt is made to design a protective system in any 
specific case, some knowledge of the current distribution 
must be obtained from theoretical considerations. The 
mathematical analysis of the flow of protective current is 
considered below. 


Mathematical Analysis 
Equations of the Problem 

Mathematical discussion of the problems arising in a 
theoretical discussion of cathodic protection is based on 
the consideration of the steady flow of electric current 
from a set of electrodes (anodes) embedded in a medium 
of specified conductivity (not necessarily constant) to a set 
of electrodes (cathodes) usually consisting of the structure 
to be protected. Following the usual notation of classical 
electromagnetism (e.g., see Electromagnetic Theory, 
V. C. A. Ferraro, Athlone Press, Chap. XID, we denote 
by j, E, V and o the electric current density, the electric 
field, the electric potential and electrical conductivity (i.e., 
the reciprocal of the resistivity) respectively. Then the 
equations governing the flow of current are: 

div j= 0, 
i=e E, 


save @) 
soe @ 


= —grad V, nan xe 
whence div ( grad V) = 0 ine 


If the conductivity « is constant, Equation (4) reduces to 
Laplace’s equation : 

V?v=0 ists 
where \7? is the Laplacian operator given in rectangular 
cartesian co-ordinates by: 

— o? c? o? 
V = sat a + 5m: avon 
The boundary conditions to be satisfied are: 

(i) V = constant on the surface of an electrode, which 
is taken to be a perfect conductor, 

(ii) fej . dS = I where = is a closed surface surrounding an 
electrode emitting total current / and the sense of the vector 
dS is outwards from the electrode. If, for any one problem, 
we obtain a solution of Equations (1) to (4) which satisfies 
the boundary conditions (i) and (ii), then, by the unique- 
ness theorems of classical potential theory, this is the unique 
solution of the problem. It must be noted that for the solu- 
tion of any one problem each electrode should have specified 
either (a) its potential, or (b) the current emitted or absorbed 
by it. It is convenient, from both the mathematical and 
engineering viewpoints, to work in terms of the total current 
emitted or absorbed by each electrode. 


Re-entrant Angle Theorem 

In the problems considered below the conductivity « of 
the electrolyte will be assumed constant and hence Equa- 
tion (5) holds within the electrolyte. Then, by the general 
theorems of potential theory, the electric potential V must 
take its minimum value on the boundary, that is on the 
walls of the structure (box) containing the electrolyte. Thus, 
since j, the current density vector, is along the direction 
of —grad V, current must everywhere flow into the walls 
of the box from the electrolyte (more strictly, current can- 
not flow into the electrolyte from the box). Furthermore, 
j is everywhere normal to the equipotentials (with equa- 
tions V = constant). Thus, at an edge of the box, j is 
perpendicular to the two plane faces meeting at the box. 
Hence we must have that j is zero or infinite at an edge 
of the box. If two walls of the box are inclined at an angle 
less than 180 degrees, j= 0 at the edge between them 
(still more so is j= 0 at a corner of a rectangular box). 
If, however, the walls meeting at the edge are inclined 
at an angle exceeding 180 degrees (that is, the angle 
between them containing electrolyte is re-entrant), the 
current density theoretically becomes infinite. This result 
follows from the analogy between the field equations in 
electrostatics and steady current flow (Ferraro loc. cit.) in 
which the surface density of electrostatic charge corre- 
sponds to the outflow of electric current. It is a well-known 
result that the surface density of charge is theoretically 
infinite at an edge of a charged conductor which is such 
that the angle between the plane faces meeting at that 
edge is re-entrant. 

The above “re-entrant angle” theorem leads to extremely 
important practical conclusions, i.e., in the absence of a 
protective current (1) an edge between faces inclined at 
an angle less than 180 degrees will be subject to little or 
no corrosion; and (2) an edge between faces inclined at 
an angle exceeding 180 degrees will be subject to rapid 
and severe corrosion. 

However, the application of cathodic protection gives 
little or no protective current entering the area near an 
edge between faces inclined at an angle less than 180 
degrees, whereas a large protective current enters the area 
near an edge between faces inclined at an angle exceeding 
180 degrees. Thus the application of a cathodic protection 
system gives adequate protection to those edges which are 
liable to corrosion in the absence of a protective current. 
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In fact, “re-entrant edges” are liable to over-protection and 
it may be necessary to give such edges an insulating coat- 
ing in order that the protective current may be spread to 
adjacent plane areas more liable to corrosion and thus 
requiring more protective current. The above results hold 
for any structure and are confirmed by observations made 
on the corrosion patterns of propellers, rudders, buried 
pipe flanges, etc. 


Mode of Flow of Corrosion Currents 

Before considering the current flows of cathodic protec- 
tion systems, the mode of flow of corrosion currents will 
be examined by means of an illustrative example, as also 
will the effect of a uniform thin insulating coating. 

Consider the current flow in an electrolyte, of uniform 
conductivity , above an infinite plane surface over which 
the electric potential varies in accordance with some 
specified law. We take rectangular cartesian Oxyz with Ox 
and Oy lying in the plane; Oz is perpendicular to the plane 
and directed into the electrolyte. For illustrative purposes, 
take the potential on the plane, which has equation z = 0, 


to be given by: . = 
V = Vz sin (=) sin (=) ional 
a b 
where Vo, a and b are constants. Equation (7) suggests 
that we try as the potential in the electrolyte: 
_ [xx\ .. [xy 
V = F(z) sin (=) sin (=) oon 
where F(z) is a ig of z only. Then Equation (6) gives 
1 | 
— a(4 + 3) F=0 — 


The solution of ie (9) which vanishes for large z 
and fits Equation (7) is: 


= V, exp { —zx (a? + b*)iz/(a b)} . (10) 
whence 

—z (a’ *)tz 7. nz) 
V = Vo exp (== te) in (=) sin (=) oo onQiay 


The above analysis is of considerable generality if we take 
both a and b to be comparable with the linear dimensions 
of a typical galvanic cell existing in the plane, since almost 
any arbitrary periodic function may be expressed as a 
Fourier series. The current leaving the plane z= 0 is 
given by 
OV 

(jJz—20 = — (2%) 


Oz | cm 


an T+ UM sin (=) sin (=) 
See: ab a b 


Thus the rate of removal of the material from the anodic 
areas is inversely proportional to the cell size, i.e., the 
larger the cell, the smaller the rate of stripping. Moreover, 
Equation (11) implies that the currents flowing drop off 
very rapidly with distance from the plane; for example, 
if L is a distance comparable with the size of a galvanic 
cell, the current density in the electrolyte at distance L 
from the plane is only about 2 to 3% of that near the 
plane. Thus the flow of corrosion currents may be expected 
to be very much in the nature of a skin effect and may 
perhaps be inhibited by the use of insulating baffles. 

Consider now the same problem, except that the region 
between the planes z=0 and z=8 is occupied by a 
medium of conductivity «:. Again assuming that the poten- 
tial on the plane is given by Equation (7), we have, as 
appropriate solutions of Equation (6): 


e+ (12) 





< 3, 
.- (13) 


V = (A e* + Be) sin (=) sin (2) for0 <z 


April, 1959 


= C e™ sin (=) sin (2) forz > 8....(14) 
Here A, B and C are constants to be determined and 
A = n(a* + b*)8/(ab). ven ene 


Then the boundary conditions, i.e., continuity of V and 


j: at z= & together with Equation (7), give: 
Ae®+ Be*™~ =Ce™, ..- (16) 
6, (A e*®* — Be) = —aCe™, .- (17) 
A+B=V, .. (18) 
Solution of Equations (16)-(18) gives 
: : a . (19) 








(o,—s) ee” ae (o,-+s) e” a (c, 
Thus we have for 0 < z < 8 
V= 


{ 6, cosh [A(8—z)] + o sinh [A(3—z)] } Vo sin (= *) - (2) 


+) e%+(c,—s)e” 





{ o, coshA8 + o sinh Ad } 
- - (20) 


In this case the current leaving the plane z = 0 is given by 
. VV 
(idz=0 = — oi(—) i 


Ac, V,(o, sinh A8 + ocosh AS) sin (= *) sin (=”) 





{o, cosh A8 +- osinh As} 
. (21) 
In the practical case, i.e., when the plane is given a fairly 
thin coat of material of low conductivity, § and o;/¢ are 
small. Hence we have approximately 


__ OAV sin (@ *) 2) .. 
"8+ a,/0) > - (> 


Thus by comparison with Equation (12) it can be seen 
that the effect of the insulating layer is to reduce the out- 
flow of current from the plane in the ratio r where 


= o;/(Aocd8 + o}) accel 


(jz)z=0 . «aa 


Now A, which is inversely proportional to the size of a 
cell, may be expected to be of order unity. Hence, in order 
that there should be an appreciable reduction in the current 
flow «,/(80), must be small and rc o;/(Ac8), In this case 
the current flow is reduced in the ratio ~, L/(cdz) or 
RL/(R.éz) where R: is the resistance (per unit area) of the 
insulating layer, and R is the resistance of an equivalent 
layer of electrolyte. 

The conclusions reached above suggest that, if a portion 
of a protected plane surface is covered by an insulating 
layer, the layer will reduce the protective current flowing 
into the plane by a factor of order R/(R:5). The general 
effect of this would be to push more of the protective 
current on to uncoated surfaces. A more detailed analysis 
of this problem will be considered elsewhere. 


General Solution for a Rectangular Box 

The derivation of complete analytical solutions of the 
problems of current flow in a box of arbitrary shape is 
extremely difficult, if not impossible. As a relatively simple 
illustrative problem, examine the potential due to a small 
anode emitting current / and placed inside an earthed 
rectangular box containing electrlyte of conductivity «. 
Then, taking the walls of the box to be in the planes 
x=0, x=a, y=0, y= 5, z=0, z=c, and the anode 
to be situated at the point (Aa, »b, yc) where 0<A<1], 
0<p<1, 0<y<1, the potential inside the box may be 
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shown to be 





oO @o i] 
dg sinh{ kmn (1 —y) bsinh (Kmnz) sin (rer) sin (oem x @) sin (mm) sin (mmy/b) 
” lm=1 Kmn sinh (Kmnc) 
sees Que 
where 
kun (m? a* n® b*)'x/ab ee 
provided z<yc. If z>yc, then we obtain the potential by 
writing y = z/c and z =yc in Equation (24). 


Clearly the current density j —oa(dV/dx, IV/dy, dV/dz) 
vanishes at all edges of the box, as was to be expected 
by the “re-entrant angle” theorem. Furthermore, near the 
corner x = y = z= 0 it is clear that V oO xyz. Thus the 
densities of the currents falling on to the planes x = 0, 
y = 0, z = 0, are given (near this corner) by j, OC yz, jy 
zx, j, OC xy. This analysis suggests that the engineering prac- 
tice of measuring the extent to which cathodic protection 
is actually achieved in the corners of a condenser box is 
extremely sound. The protective current measured at a 
corner is almost certainly the minimum experienced by 
any of the protected surfaces. 


Engineering Problems 

Consider now the engineering problems peculiar to 
cathodic protection. As may be expected, the protective 
current requirements of different surfaces vary to a con- 
siderable extent. For example, practical experience 
indicates that the protective current (per sq. ft) required 
by cast iron is approximately one-half of that required for 
a non-ferrous metal. Calculation of the current require- 
ments for the protection of a condenser box indicates that 
the current requirement of the cast-iron end is approxi- 
mately one-quarter of the total protective current, since 
the surface area of the first section of the tubes must be 
included in this calculation. Thus the complete insulation 
of the cover box with a protective coating gives a maxi- 
mum saving in current of the order of 25%, as compared 
with the current received when the box is wholly uncoated. 

The absorption of current by the ends of the tubes may 
be reduced by capping as suggested earlier. This procedure 
greatly reduces the total current requirements, but, never- 
theless, sufficient current must be introduced to protect any 
tube-end which may lose its cap. Capping is an expensive 
procedure and ‘is not recommended for the outlet ends 
where the saving on cathodic protection is uneconomic. 

Wherever a cathodic protection system is in operation, 
it is most important that there should be available some 
simple method whereby it may be determined whether 
sufficient current is entering the system to prevent the 


operation of any existing corrosion cells. A metal surface 
will not corrode when the interface potential between it 
and the electrolyte has been shifted 300 millivolts in the 
negative direction. The measurement of such a potential 
shift involves the introduction of some standard into the 
circuit. It is customary to employ standard half-cells, but, 
unfortunately, a half-cell must be contained in a non- 
metallic case which may be liable to fracture. Furthermore, 
half-cells are unsuitable for retention in a permanent 
installation and their use necessitates the opening of the 
box during examination. However, excellent measurements 
may be obtained by the utilisation of corrosion pheno- 
mena. High purity zinc, when in contact with an 
electrolyte, self-corrodes at a very stable potential. Thus 
the introduction of a plug of zinc, insulated from the 
metal work of the box, gives a stable reference reading. 

From the requirements imposed on anodes in this work, 
it is apparent that the use of sacrificial anodes is appro- 
priate in a limited number of cases only. Condensers are 
usually located in plants where no difficulty is experienced 
in obtaining a suitable a.c. supply to operate a cathodic pro- 
tection system. Thus, wherever possible, impressed current 
schemes should be considered before those involving 
sacrificial anodes. Here we consider impressed current 
schemes only and examine the use of scrap steel, graphite, 
platinum, high silicon content iron and lead alloy anodes 
in turn. 


Scrap-steel Anodes 

Despite its apparent cheapness, the use of scrap-steel 
as anode material involves serious drawbacks. It is impos- 
sible to guarantee the corrosion pattern of a piece of scrap 
steel. Hence, unless connections are made to the steel at a 
number of points, the electrical connections may be among 
the first parts of the system to corrode. If a rod-form of 
anode is used it may well corrode in its centre with the 
result that the end part drops off and may cause extensive 
damage. In addition, the useful life of scrap steel is 
governed by the high consumption of about 20lb. per 
amp year. Thus the use of scrap-steel anodes in a water 
box requiring a total protective current of 3 amps involves 
the loss of 60 lb. by the anodes for each year of operation. 


Graphite Anodes 

Graphite anodes are most suitable for use in cathodic 
protection systems. Material consumption is low, being of 
the order of 21lb. per amp year; unfortunately only a low 
current density is available from the surface of a graphite 
anode. The main drawbacks in the use of graphite anodes 





Fig. 3. Test pocket showing screw-in casing “Tufnol” 
insulating bush, zinc plug and test lead. 
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Fig. 4. Anodes mounted in the head of a small 
“floating” head condenser. (Courtesy, Mobiloil Co.) 
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lie with their comparatively large size, with the relative 
fragility of the material and with the difficulty experienced 
in installing mountings and electrical connections which 
are sufficiently robust to withstand the rigorous conditions 
likely to be experienced by such systems. Graphite, un- 
doubtedly, has its place in the cathodic protection of very 
large water boxes containing water of comparatively high 
electrical resistance. When graphite anodes are used, design 
considerations must take into account the fact that in such 
large boxes maintenance staff will tend to use the anodes 
as ladders. Graphite cannot withstand such treatment. 


Platinum Anodes 

A platinum anode is such that the working surface is 
made of platinum. However, in view of the high cost of 
platinum, the actual weight in the anode is small. For a 
long time platinum anodes were considered to be inde- 
structible, but recent reports have indicated that the 
material suffers embrittlement under the chlorine condi- 
tions under which anodes usually operate. Normally 
platinum is employed in the form of wire anodes which 
tend to disintegrate very quickly. The weight of platinum 
used is small on economic grounds; thus the surface area 
and volume of platinum used will tend to be such as to 
produce high electrical resistance. Accordingly, when 
platinum anodes are used, the driving voltages necessary 
to produce the appropriate protective currents will be high. 
A further serious drawback to the use of platinum anodes 
lies in their high pilferage value. 


High-silicon Content Anodes 

The use of high-silicon content anodes is a comparatively 
new innovation in cathodic protection engineering. 
Although good reports have been received concerning 
these anodes, they are subject to serious pitting which 
eventually causes fractures of the material in a manner 
similar to that experienced by scrap-steel anodes. In addi- 
tion, the material is extremely brittle. It is the authors’ 
experience that in condenser cathodic protection the use 
of these anodes gives no advantages when compared with 
anodes made of other materials. 


Lead-alloy Anodes 

The use of lead-alloy anodes is also a comparatively new 
innovation. To date these anodes are suitable only when 
used with very low resistance water, i.e., usually sea water. 
These anodes have one great advantage; they give very 
high current densities at their surfaces. Thus very small 
anodes may be used for the production of high currents. 
Electrical connections, too, are more easily made. The 
main disadvantage is the difficulty of mounting the 
material. 

Whatever the anode material employed, the design and 
installation of the anode mountings for any cathodic pro- 
tection scheme raise difficult engineering problems. Anode 
mountings must be sufficiently robust to hold the anodes 
rigidly in position while, at the same time, carrying the 
protective currents to the anodes from the power supply. 
Moreover, the materials employed should be such that the 
useful life of a mounting exceeds the life of the anode it 
carries; it is preferable that the mounting life should 
greatly exceed the anode life. 

If the mounting is of metal, it must, in general, be 
cathodic, i.e., part of the protected structure (exceptions 
to this rule do exist; stainless steel and titanium are ex- 
amples of such exceptions). In order that a metallic mount- 
ing may be cathodic, it must carry an insulated lead to the 
anode. The anode also must be insulated from its mount- 
ing. Such elaborate arrangements are not necessarily 
foolproof and are usually considered to be unduly com- 
plicated and expensive. Furthermore, it is customary to 
coat a metal mounting with an insulating material, such 
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as neoprene, thus adding still further to the difficulties and 
cost of installation. 

It would thus appear that mountings must be non- 
metallic. However, the anodes and mountings are usually 
surrounded by a medium of low pu, heavily impregnated 
with oxygen and mascent chlorine, which gives rise to 
rapid and serious attack on most plastics and woods. 
Until now the materials used in condensers have been 
resin-bonded laminated fibrous materials such as Tufnol 
or steel thickly coated with neoprene or P.V.C. Research 
and development work now in progress suggests, however, 
that the problem may well be solved by incorporation of 
the mounting, suitably insulated, into the anode. 

The remainder of a cathodic protection installation con- 
sists of a low-voltage current distribution circuit of stan- 
dard design. Wherever possible, the system should be so 
designed that each anode emits the same current. In fact, 
a well-designed scheme has each anode separately metered 
with a variable resistor in series so that individual adjust- 
ments may be made. The simplest cathodic protection 
problem has a large number of practical solutions and thus 
the cost and efficiency of any installation frequently 
depends on the experience, “design flair’ and common 
sense of the individual corrosion engineer. 

Finally, mention must be made of safety devices, Even 
though the voltage on an anode is low it is advisable to 
install interlocking safety devices so that the cathodic protec- 
tion system does not operate when the electrolyte is 
drained off and the system is opened for inspection. Safety 
systems must depend to-a great extent on local conditions 
and should be designed accordingly. Cathodic protection 
systems have been applied to many condensers with vary- 
ing degrees of success. Investigations into failures show 
that they are invariably due to faulty engineering tech- 
niques. Correctly applied, cathodic protection prevents 
serious corrosion in almost all engineering structures. 


Biochemical Engineering 


NIVERSITY College London inform us that they 

are starting a new one-year Diploma Course in Bio- 
chemical Engineering this autumn and give interesting 
reasons for introducing yet another subject to the 
curriculum. 

For thousands of years man has fostered the activities 
of micro-organisms empirically to ferment wine, beer and 
milk products and to make leather and linen, and he has 
also restricted their activity to enhance the storage life of 
food by salting, drying and freezing. It is only during the 
last 100 years, however, that any real understanding of 
fundamental mechanisms has emerged and these are being 
increasingly applied on an industrial scale. Thus, during 
the last decade, we have seen rapid developments in food 
processing and in fermentation, including the manufacture 
of citric acid, numerous antibiotics, vitamins and other 
pharmaceutical products, both for human and animal 
consumption. The establishment of these industries has 
only been possible by close co-operation of microbiologist, 
biochemist and engineer, and so far British universities 
have made only a limited attempt to co-ordinate these 
subjects into one course. If this country is to play its full 
part in future developments, which will undoubtedly 
contribute to world health and nutritional problems, it is 
essential that suitable training facilities are made available. 

The new course at University College London aims at 
co-ordinating fundamental chemical engineering teaching 
with the special requirements of the biological industries 
and will be adapted to the previous experience of the 
student. Those of our readers interested should contact 
PrRoFEsSOR M. B. DoNaALD, Department of Chemical En- 
gineering, University College London, Gower Street. W.C.1. 
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TRANSIENT CONDITIONS 


HE problem of tank coil design has received little 
attention until the recent publication of a paper cover- 
ing several sides of this subject, including the design of 
coils for unsteady state duties.’ Two of the cases con- 
sidered are: where the contents remain liquid and where 
the contents partially solidify. The author introduces the 
concept of “equivalent area” defined by the expression: 
a (Ap) + 
to simplify the design procedure, and to take care of 
variables other than heat-transfer coefficient differences. 
In the case where tanks are permitted to cool before 
heat is applied, the amount of heat lost in cooling has 
to be determined. If the contents remain liquid, the prob- 
lem is not a difficult one. 
From a differential heat balance 


wee A 
€ - v, 7) s 


= UsAe(T — Ta) = MCp = ; On integration between limits 

d9. d9- 

— btains In hot — Us Ae & 
» 49, One ODtains in T.— 1 T. “MC> --() 


If we make Equation (1) = InK then 
T2 = (T1 + (K — 1) 7Ta/K 

Q can be found from 
Q = MC,(T, —T,) 

If the heat lost during reheating is the same as during 
cooling, the required coil area is: 

A, (2 2) lie. 
6. ° Ops UcATm 
Th T: 

T,) In Ts —Tr 
Equation (2) will normally suffice for estimating the coil 
area. However, a more precise answer will be given by 

MC, in (: + zt) 

b a+ bT, 
UcAcTh UsAeTg and b —U-A, 

A recommended value of F; is 1.25. 

A much more complicated situation exists if the con- 
tents partially solidify during cooling, depending upon 
what happens to the solidified material. If it forms a 
layer around the mass of the contents then it acts as an 
insulating blanket and helps to keep the material in liquid 
form. If, on the other hand, the solids accumulate at the 
tank base the loss is greater than with liquids which do not 
build up, since the temperature difference is held higher. 

In order to treat the former case the following assump- 
tions were made. (1) The ambient temperature and heat 
loss coefficient to the air are both constant. (2) The 
physical properties of contents in solid and liquid form 
do not change and the specific heat of the stored material 
also remains constant. (3) The material of freezing point 
Tm does not sub-cool and the solidified liquid is present 
as a solid crust. The liquid phase is at a constant tempera- 
ture 7), and for the losses the equation for natural con- 
vection applies used in an abbreviated form: 


Jacl 


where AT», = (7, 





taking 6, 


where a UsAe 
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STORAGE TANK HEATING COILS FOR 





Symbols Used 
A» = area of tank bottom, sq. ft; 
Ac = area of coil, sq. ft; 
Ae = equivalent area, sq. ft; 
A; = area of side, sq. ft; 
At = area of top, sq. ft; 
Cp = specific heat; 
F, = safety factor; 
g = acceleration of gravity 4.17.10° ft/hr*; 
ha = film coefficient of ambient air, Btu/hr sq. ft 
°F; 
h; = film coefficient of liquid in tank, Btu/hr 
sq ft °F; 
k = thermal conductivity, Btu/hr sq. ft °F/ft; 
km = thermal conductivity of solid phase of tank 
contents, Btu/hr sq. ft °F/ft; 
L = height of tank wall, ft; 
M = weight of contents of full tank, Ib.; 
T = temperature, °F; 
Ta = temperature of ambient air, °F; 
T, = temperature of heating médium, °F; 
7; = temperature of liquid, °F; 
T’; = temperature of tank contents at start of 
cooling when self-insulation occurs, °F; 
7, = temperature at start of cooling, other cases, 
Tm = freezing point, °F; 
Q = total heat lost in cooling, Btu; 
U» = overall coefficient for heat loss from tank 
bottom, Btu/hr °F ft’; 
U. = overall coefficient for heat transfer from 
coil, Btu/hr °F fi*; 
U, = overall coefficient for heat loss from sides, 
Btu/hr °F ft’; 
U: = overall coefficient for heat loss from top, 
Btu/hr °F ft’; 
Tm = log. mean temperature difference; 
6- = cooling time, hr; 
6, = heating time, hr; 
p = density of liquid, Ib./cu. ft; 
pm = density of solid phase, lb./cu. ft; 
8 = coefficient of expansion of tank contents, 
cu. ft/cu. ft °F; 
» = viscosity of bulk of fluid, lb./ft hr; and 
\ = latent heat of fusion, Btu/Ib. 











hi = Ki(T™—Tm)t 
k*Cpo* By 
Lu 


y 


where K; = 0.548 ( 
On the basis of the above assumption: 
ha 0.8 
T, = Tm + (Fn —T.)) ..QG) 
K; 


whence 





= MCAT, —T) - Atm —Te( bas ) 2060 
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1 
(x — Ta)** (1 — 5) 
These equations simplify considerably once the constants 
are inserted. The simplest way to use these formule is 
first to solve 7; and substitute this value in (4) and (5). A 
series of values for 7; (~>T») is assumed, (4) and (5) solved 
for Q and 4.. Plots of 7; vs. 6 and Q vs. 4 are then made. 
From these graphs 7, and Q are determined. Q and 4, are 
next corrected for the difference between 7’; and 7; as 


follows: if 7’1>7, add MC, (T’1—T;) to Q 
MC,A(T’ :—T,) 
and ay & .+T) to 0, 


If 771< 7; find 6. for JT. = T’; on the graph, measure 4, 
(corrected) from this point forward. Q (corrected) is the 
difference between Q for 7; = 7; and 7, = 7%). If 71 is 
close to 7; these corrections can be omitted. 

For this kind of problem F, can be taken as 1.5. 

For the case where the contents partially solidify but 
do not form self-insulation, the heat loss is calculated in 
two steps. Let 

Qi 
Q 2: T Q:. 


then Q U;AeATm 


MC, (T, = Tm), and Be, 





/ 7T,—T. 
where ATm = (T,— Tm)/ \n . : 


T2 — Ta 
82 6-¢ — 9, and Q, = UsAc (Tm — Ta) %c2 

Q: cannot exceed MA, If the average heat loss during 
reheating is the same as during cooling, the coil area is 
approximated by 





A -(5 % > )( om) » 3 Ww ee © 
- 0, Oh U-ATm z Oh UATh — Tm) = Tm) © 

T, 
where AT» = (Ti— Tm), ‘In ti 


Standard values of the overall coefficients are worked 
out from which values of the equivalent area can be 
obtained. In the case of an outdoor uninsulated flat-bottom 
tank containing an edible oil or similar fluid, for a 100°F 
temperature difference between contents and the external 
atmosphere, and for a wind speed of 15 mph: 

A. = As + 0.23A;: + 0.31D:. 

The design of agitated tanks is also discussed as well 
as a number of practical recommendations. The suggested 
economic pipe diameter for a coil is given as 2 in.-24 in. 
for shop fabrication or 2in.-14in. for field fabrication. 

The coil height of unagitated vessels should be on the 
tank bottom or supported at a height of 6in. The outmost 
coil should be within 6in. of the vertical walls. 
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Dropwise Condensation in Evaporators 


Comments on some plant-scale efforts to promote dropwise 
condensation’ from Heat Division, M.E.R.L. (D.S.1LR.). 


T is disappointing that the full-scale evaporator test 

carried out at Trona! failed to show any improvement 
in performance when an attempt was made to establish 
dropwise condensation, but it is not altogether surprising. 
Two questions arise in all experiments of this kind: (a) 
was dropwise condensation really established throughout 
the heat exchanger; and (b) was it to be expected that 
dropwise condensation would effect a noticeable improve- 
ment in performance? 

The evidence on the first question is not conclusive. The 
nature of the surface of the tubes, with an incrustation 
of lead compounds of substantial thickness, was not such 
as we would have expected to permit good dropwise con- 
densation. Although this mode of condensation was ap- 
parently produced in the single-tube rig, it is stated that 
in the third-effect heater, which was equipped with sight 
glasses, “none of the old tubes exhibited dropwise con- 
densation at any time”. The fact that tubes subsequently 
withdrawn from the heaters gave dropwise condensation 
in the single-tube rig is not proof by itself. In the first 
place, how the tubes were removed from the heaters should 
be explained: were they withdrawn through the tube 
plate? Was any incrustation, etc., removed from the sur- 
face? To what degree was the surface handled? Secondly, 
our experience shows that two small sight glasses near the 
ends of a 16 ft-long tube are insufficient. In cylindrical glass 
condensers only 2 ft and 3 ft long we have observed that 
the mode of condensation and quality of the drops may 
vary widely at different points. 

How much the performance was expected to improve 
through dropwise condensation is again difficult to ascer- 
tain, but the mention of scale, both inside and outside of 
the tubes, and the reference to a comparatively high pro- 
portion of non-condensable gases suggests that an im- 
provement in the condensation coefficient might not be 
expected to alter the overall coefficient very much. 

We feel that the chief benefit of this paper is to show 
that the potential improvements to be obtained from drop- 
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wise condensation are not likely to be realised simply by 
pumping a promoter into an existing piece of heat- 
exchange equipment. The present state of knowledge 
shows that to produce good dropwise condensation and 
to derive the greatest advantage from it require special 
conditions. These include cleanliness of tubes and high 
overall coefficients. Only in certain cases can immediate 
benefits be cxpected. The potential advantage is usually 
there, however, though some degree of re-design of equip- 
ment or process may be necessary to obtain it. 

Reverting to the earlier part of the paper there are one 
or two points of a minor nature which should be raised: 

(1) Almost all the data given in Table 1 refer to 
stainless-steel tubes. More attention might have been 
given to the “Admiralty” tubes which apparently were 
used exclusively in the larger scale tests. 

(2) The author mentions that a week-end shut-down 
interfered with dropwise condensation, but that it was 
re-established after about four hours without the addition 
of further promoter, It is not quite clear what he means 
by ascribing this to air in the system; we have ex- 
perienced similar conditions even when the air has been 
efficiently vented, and believe that the effect may be due 
to oxidation during the shut-down period. It has been 
suggested that the effect is reduced if the promoted tubes 
are covered with water during such periods. 

(3) The author makes brief reference to work being 
carried out at M.E.R.L. However, the promoters we 
have been using are quite different from the filming 
amines used by Dr. Garrett. Our work is directed to 
the development of promoters which have a positive 
adherence to the tube surface, so that the promoted 
surface has a long “life” and treatment can be very 
occasional. In our own experiments the promoter is not 
normally injected into the steam, but applied directly. 
in solution, to the tubes before a test commences. The 
promoters we have used are covered by U.K. Patent 
9149/55, and their commercial aspects are in the hands 
of the National Research Development Corp. 
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N the past there has been a tendency for the low- 
| etna a aspects of chemical engineering to be 
dominated by the gas separation field, particularly by the 
various techniques of gaseous oxygen manufacture. The 
Karlsruhe conference, however, drew attention to a num- 
ber of other sides of the subject and it showed a welcome 
broadness in its selection of material; it presented, for 
example, papers on topics as diverse as dry ice manufac- 
ture and deuterium by hydrogen distillation. 


Deuterium by Hydrogen Distillation 

by R. Schlatterer, W. Lehner and W. Baldus 

THE INCREASING REQUIREMENT of heavy water as a modera- 
tor for nuclear plants has led to the development of a new 
low-temperature process working by continuous distillation 
of the liquid hydrogen-deuterium mixture at —420°F. The 
design of a big-scale plant using this process involves 
various physical and technical problems not encountered 
in other gas-separating units. This is partially due to the 
fact that hydrogen-deuterium mixtures generally consist of 
five components: 0-H, p-H»,, HD, o-D2 and p-Ds, as can 
be shown by a chromatographic analysis. As in the natural 
hydrogen, however, the deuterium atoms are nearly all 
linked to light hydrogen atoms. The purified hydrogen mix- 
ture, which contains about 290 ppm HD, has first to be 
pre-rectified to separate it into HD and light hydrogen. It 
was pointed out that this means practically a rectification 
of HD and o-Hbe, because this modification is prevalent. 
The HD-gas is then submitted to a catalysed process 
2 HD ~ H:, + D». A second rectification finally separates 
the H./D. mixture into its components. 

The small content of HD in the hydrogen feed gas neces- 
sitates a high reflux ratio of the pre-rectification column. 
For distillation under atmospheric pressure, for example, 
a reflux quantity of 2.5 Necft is needed for 1 Neft of feed 
hydrogen. This reflux quantity can be used for cooling 
purposes to cover the losses caused by heat inflow and by 
the conversion of 0-H: into p-H2. During this conversion, 
which takes place at low temperatures, 1.68 Btu per Neft 
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REFRIGERATION 
IN CHEMICAL ENGINEERING 


New methods of producing and using refrigeration were 
presented at a European international conference * 


are set free. This is even more than for the evaporation 
heat of hydrogen. The reaction, however, being very slow 
in the absence of catalysing materials, is such that only 
a small fraction of this heat is freed. 

Another difficult problem is that of hydrogen purifica- 
tion. The raw gasification gas contains impurities like 
N2, CO, COs, CHy, etc., up to a total quantity of about 
40%. It can, however, easily be purified in several ways 
up to about 98% hydrogen. The removal of the remaining 
2% impurities requires much more attention, especially 
because of the characteristic curve of nitrogen concentra- 
tion in hydrogen over the solid phase. As the equilibrium 
concentration of gaseous N: at 33°K will be higher in 
high-pressure hydrogen than in low-pressure gas, the 
application of regenerators is limited. 

Electrolytic hydrogen, which is, of course, much purer 
than gasification hydrogen, contains a certain quantity of 
oxygen which must be removed very thoroughly because 
of the explosion hazards and because of the catalysing 
effect on the o-p-conversion. The pre-enrichment of 
deuterium by the electrolytic process up to values three 
to five times higher than the natural deuterium concentra- 
tion is an important advantage of this method of hydrogen 
production. 

The Gesellschaft fiir Linde’s Eismaschinen, Hdllriegels- 
kreuth, have built a D,O plant for gasification hydrogen 
for the Farbwerke Hoechst (Fig. 1). Raw gas with 70% 
hydrogen is fed to the plant under a pressure of 220 to 
425 psia. HxO and CO, are removed in a regenerator 
battery in counterflow to deuterium-free gas. The feed gas 
is then expanded to 57 to 142 psia and cooled down to 
65°K in heat exchange with nitrogen. After the removal of 
Nz and CO in a second regenerator battery the hydrogen 
is fed to the first section of a three-stage-HD-rectification 
column. The reflux gas of this column is warmed up to 
ambient temperature in heat exchange with N2 and high- 
pressure H./HD, and is then compressed to 1420 to 
2130 psia in a three-stage compressor. It then passes 
through the heat exchangers back to the first column, heats 
the sump of the first section and is fed to the three stages. 
The sump of the third stage with about 4% HD is fed to 
a second column, the sump of which contains 90 to 95% 
HD at 17 to 18.5 psia. This HD is warmed up, compressed 
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ponents, 





in a diaphragm compressor to 28 to 57 psia and is then 


catalysed to H2/D». This gas mixture is cooled again and 
separated in a third column, the sump of which contains 
99.7% De. The deuterium is warmed up and oxydised to 
D.O. The nitrogen cycle as well as the reflux hydrogen is 
pre-cooled by an ammonia machine. The deuterium-free 
hydrogen is heated and compressed to the initial pressure. 
The whole plant is housed in two concentric boxes, the 
inner one being under hydrogen pressure, the outer one 
under Nz, pressure. Slag-wool has been used as insulating 
material. As this has proved to be very economic, vacuum 
insulation has not been attempted. The output of the plant 
will be 6.3tons of D.O per year at a running time of 
8000 hr. The specific energy requirement had been calcu- 
lated to 2310kWh per Ib. of D.O. The first operating 


results have shown that 
reduced. 


Gas Purification by the Rectisol Process 


by H. L. Korth 


this energy demand can be 


A FEW YEARS AGO there appeared a gas purification process 
known as the Rectisol process which employs refrigera- 
tion for low-temperature scrubbing and makes use of 
polar organic liquids, especially methanol, for scrubbing 
purposes. Since there is practically no chemical reaction 
between the polar organic liquid and the absorbed com- 


the 


Rectisol 


process works on the basis 


of 


Henry’s law in a manner similar to pressure water scrub- 
bing. This means that the gas quantity absorbed per cu. ft 
of methanol increases with a decrease in temperature and 
with an increase in partial pressure of the component to 
be absorbed. The process is therefore run at high pressure 


and low temperature. 


The application of the Rectisol process to a gas purifica- 
tion plant for the separation of CO: is shown in Fig. 2. 
The compressed and cooled raw gas is scrubbed with cold 
methanol in two stages. In the first stage where the raw 
gas is brought into contact with methanol at —75°C, most 





of the CO: is absorbed. In the second washing stage the 
rest of CO: is removed from the gas by methanol at 
—62°C and is recovered by means of distillation. After 
this, the purified gas leaves the plant. The methanol leaving 
the first stage at —20°C is highly enriched with CO: and 
is expanded in two steps to vacuum. This liberates the CO, 
and cools the methanol from —10°C down to —75°C. 
This effect compensates for the heat of CO: absorption in 
the scrubber, since the rectified methanol returned to the 
scrubber is again heated to —20°C. The raw gas feed is 
cooled down in heat exchange with the cold purified gas 
and the waste gas leaving the plant. The refrigeration 
machine, therefore, has only to cool the gas flow within 
the tower to supply the cold losses of the plant. 

Since at a temperature of —35°C the solubility of CO, 
in methanol is 25 times higher than in water, only 4% 
of the quantity of circulating medium and of the pumping 
energy will be needed in comparison with the pressure 
water washer. Due to the small quantity of circulating 
washing agent the diameter of the tower is comparatively 
small. The difference between the H2S-, SO.-, HCN-absorp- 
tion coefficients and other components are similar or even 
higher than with CO». An additional effect arises from the 
low-scrubbing temperature if the partial pressure of the 
component to be absorbed is high, because the absorption 
coefficient increases as the scrubbing temperature 
approaches the dewpoint of the absorbed component. 

Compared with chemical absorption such physical 
absorption processes as pressure water washing or Rec- 
tisol have the advantage’ that the quantity of the washing 
agent is almost independent of the raw-gas concentration 
of the component to be absorbed, since the enrichment 
increases with partial pressure according to Henry’s law, 
whereas chemical absorption requires more circulating 
washing agent the higher is the quantity of the components 
to be absorbed. 

The suitability of a new gas purification process on a 
commercial scale depends on mass transfer, absence of 
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Fig. 1. Flow diagram of the new Linde process for deuterium separation from hydrogen. 
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corrosion, losses of scrubbing agent and the degree of 
selectivity, conditions fulfilled by the Rectisol process. 

Due to the capability of methanol to absorb a lot of 
impurities, the first Rectisol plant was applied to the 
purification of crude gas produced by pressure gasification 
of coal for the Fischer-Tropsch gasoline synthesis. H:S 
and all organic sulphur compounds could be removed to a 
residual content as low as | mg/Nm'*, CO, to 1 or 2% 
by volume, HCN, NHs, resin formers to a value below the 
detectable limit. 

Another example given in the paper was a plant for the 
purification of towns gas produced by the coking of 
lignite. This crude gas has a high content of CO, and 
sulphur compounds, especially mercaptans, which must be 
eliminated. For the purification of coke-oven gas, the Rec- 
tisol process is very economic in combination with a low- 
temperature gas fractionating plant. High boiling hydro- 
carbons are separated during cooling of the gases, H2S is 
removed in a first scrubbing stage and remaining CO: is 
removed in a second stage by means of cold methanol. 
Rectisol is further applied to the recovery of pure CO, 
from blast-furnace exhaust gases which are free from 
H.S and from gases escaping from fermentation processes. 
It is also economic for these gases, even under atmospheric 
pressure. 


Desalting Sea Water by Freezing 

by K. Fischbeck 

THE AUTHOR CLASSIFIED the available processes as distilla- 
tion (including vapour compression distillation and 
distillation with solar energy), membrane separation 
(dialysis), ion exchange and freezing procedures. Desalting 
by these methods costs 6s. 6d. to 13s. per 1000 gal. of sea 
water treated, whereas sound economics demand that the 
overall costs for treated saline water should not exceed 
2s. 7d. per 1000 gal. The author described some freezing 
and separating methods. A comparison between the costs 
of vaporising 1 lb. of steam and those for freezing 1 Ib. 
of ice out of sea water at 26.5°F favours the latter process. 
But the separation of entrapped salt from the ice-brine 
mixture obtained by freezing needs much power. For this 
reason, in some parts of the world, especially in Europe, 
the freezing method has so far proved uneconomic. Most 
of the practical research work in the industrial field was 
done in the United States. Tests with commercial and 
industrial ice-generators of all types and studies to deter- 
mine the best methods for separating the ice-brine mixture 
showed that the freezing process will not be acceptable 
until an effective heat exchange cycle is developed that will 
conserve much of the energy originally required to produce 
the ice. Further pilot-plant studies are planned, so that. in 
the future, desalting by freezing may well be a serious 
competitor to distillation and electrodialysis. 


Recent Developments in the Application of Cold 
in the Chemical Industry 

by H. Schnell 

Six EXAMPLES of the application of cold in modern chemi- 
cal engineering were given by Dr. Schnell, the first being 
in the manufacture of “cold-cured” rubber where the heat 
of polymerisation is removed from the polymerisation 
autoclaves by ammonia evaporating at 41°F in vertical 
tube evaporators. For the separation of ethylene from a 
raw gas mixture, the gas is first compressed and then 
cooled to —40°F. This causes the higher boiling hydro- 
carbons and a fraction of the lower boiling hydrocarbons, 
according to equilibrium conditions, to be separated by 
condensation, The remaining gas is then cooled down to 
—184°F. The further separation of ethylene is effected 
by several rectification columns connected in series. The 
cold losses are covered by an ammonia refrigeration circuit 
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Fig. 2. Simplified flow diagram of the Rectisol pro- 
cess, employing methanol for scrubbing. 


and by utilisation of the isothermal throttle effect of the 
raw gas and of a methane cooling cycle. 

Another example for the application of cold is the use 
of regenerators at low temperatures for the condensation 
of ethylene out of coke-oven gas. The plant consists of at 
least three regenerators filled with heat-accumulating 
material with a large surface area, which alternately can 
be charged with hot raw gas and cold pure gas from 
above and below. The condensed ethylene is sucked out 
of the regenerator at the end of the hot gas period. 

The recovery of pure carbon dioxide from flue gases by 
means of low-temperature washing is a further example. 
In a washing tower the cooled raw gases are brought into 
intimate contact with a cold methanol spray. The loaded 
scrubbing liquid is freed from sparingly soluble inert gases 
in a second tower by intermediate expansion. In a third 
tower the pure carbonic acid is withdrawn from the wash- 
ing liquid. A refrigerating machine compensates for the 
cold losses. 

The production of chlorosilanes also requires the 
application of cold. In the reactor, silicon and gaseous 
methyl chloride are brought to reaction. The high boiling 
chlorosilanes are liquefied in a spray cooler. The remaining 
gases are freed from the last contents of chlorosilane in a 
condenser, which operates as an evaporator of a methyl 
chloride plant. After compression in a dry-type compressor 
they are liquefied in another condenser cooled with methyl 
chloride, in which the excess of the reacting methyl 
chloride is condensed. 

To produce phosphoric acid ester, the starting com- 
ponents, alcohols and phosphorus halogenides, are brought 
to reaction at about —13°F in a shell and tube apparatus. 
The reaction heat is carried away by means of methyl 
chloride evaporating in the space between the tubes. The 
methyl chloride is condensed in the evaporator of a two- 
stage ammonia refrigerating machine and fed again into 
the apparatus as a liquid. 


The Mixed Refrigerant Process and its Possible 
Industrial Applications 

by L. Klimek, Ph.D., DJ.C., Dipl.-Ing. 

CONVENTIONAL VAPOUR COMPRESSION refrigerators operat- 
ing on the isoethermal Carnot cycle perform work in excess 
of the minimum energy requirements if applied to non- 
isothermal cooling duty. This is due to irreversible heat 
transmission in the exchangers as the medium refrigerated 
in the evaporator and water heated in the condenser cool 
and warm up over a temperature range, whereas the 
refrigerant boils and condenses at constant temperature 
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levels. An attempt was made, on a pilot scale, to use 
refrigerant mixtures boiling and condensing over a tem- 
perature interval and to achieve in this way a closer 
approach towards thermodynamic reversibility in the 
exchangers. 

The evaporation or condensation of a binary non- 
azeotropic mixture can be carried out either at differential 
or equilibrium conditions, depending whether the 
refrigerant flashed-off or condensed is immediately with- 
drawn, or whether both phases are kept in intimate con- 
tact during the change of phase. Conditions in conventional 
tube and shell condensers and evaporators approximate 
to differential condensation and evaporation. Theoretical 
considerations show that, in order to be suitable for non- 
isothermal cooling duty, the process of condensation and 
evaporation should be carried out at equilibrium condi- 
tions, because only in this case is the enthalpy change a 
linear function of temperature and matches closely to the 
minimum cooling and heating requirements, which is a 
condition of reversibility. 

These theoretical predictions were tested in a vapour 
compression pilot plant. The condenser and evaporator 
were aluminium alloy plate-type heat exchangers with 
corrugated and perforated matrices brazed between fiat 
metal sheets. The packing enables the vapour and liquid 
phases to be kept in intimate contact. The refrigerant was 
a mixture of n-butane-propane in the composition range 
0 to 30% to give a condensation and evaporation tempera- 
ture range of up to 40°F. The medium refrigerated was 
absolute alcohol, which was reheated and returned in cir- 
cuit. Results obtained showed that the use of a mixture 
is in fact associated with a saving in power, as predicted 
by theory, provided that the condensation and evaporation 
temperature ranges match closely the cooling and heating 
intervals. As the compressor was obviously working 
between closer temperature limits, a reduction of pressure 
ratios up to 15% was obtained for some runs. However, 
entropy balances calculated across the exchangers indicated 
that the actual power saving was very much less than pre- 
dicted by theory. It was apparent, therefore, that additional 
losses were occurring due probably to separation and 
remixing of the refrigerant during the change of phase, 
with subsequent energy losses. Moreover, it was found 
that equilibrium condensation and evaporation of mixtures 
are associated with a rapid deterioration of heat-transfer 
coefficients in the exchangers. This would explain the 
increase in the power consumption for equal compositions 
of the refrigerant mixture, as the compressor was in fact 
operating between wider temperature limits than would 
be the case for a single refrigerant. A reduction of power 
consumption could be achieved by enlarging the heat- 
transfer surface. The saving due to the reduced power 
consumption and smaller motors would, therefore, be 
partly offset by increased exchanger costs. Nevertheless, 
the method was found to be basically sound, suitable to 
most non-isothermal cooling (and possibly heating) pro- 
cesses and open to further development. 


The Application of Refrigeration for the Lique- 
faction of Gases in the Chemical Industry 

by C. Fontanel 

M. FONTANEL SURVEYED the methods and fields of applica- 
tion of refrigeration in the chemical industry with particu- 
lar respect to modern types of refrigerating machines, 
refrigerants and heat-exchange equipment. An example 
of the application in chemical engineering processes is the 
liquefaction of chlorine; because of the aggressive nature 
of this element, special types of compressors have to be 
chosen. For high-pressure ratios, dry piston compressors or 
diaphragm compressors of the Corblin type can be em- 
ployed, but for low-pressure processes or for the first stage 
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of compound-compression plants, liquid ring compressors 
are used, The attainable pressure ratio is about 3; the 
output lies between 35 and 5600 ft®/min. according to the 
compressor size. Its main advantages are: 

(1) low mechanical friction and wear; 

(2) the absence of lubrication; and 

(3) the possibility of being fed safely with wet vapour. 

The greater energy consumption caused by the liquid 

friction between the rotor and the annulus is a disadvan- 
tage. For the compression of chlorine the liquid medium 
is concentrated sulphuric acid. The low-pressure process, 
which is run at a liquefying temperature. of —20°F, 
demands refrigeration at an evaporation temperature of 
—28°F. It may be provided by a two-stage ammonia 
compression machine with trichlorethylene as the cold 
transfer medium, or by a single-stage Frear 22 machine 
with direct expansion, the latter being the more economic 
solution. The improvements in the liquid-ring compressors 
design have made it possible to double the capacity of 
existing plants by raising the liquefying temperature. 


A New Method for the Production of Dry-ice 
by Prof. Dr.-L. Vahl 

THE USUAL PROCESS of dry-ice production is based on a 
compression cycle with CO» serving as refrigerant. By 
the expansion of the cooled high-pressure gas a certain 
part of it is precipitated as a voluminous snow, which 
must be compressed to solid blocks for further use. It is 
evident that this compressed snow has several disadvan- 
tages, e.g., big specific volume, gas enclosures and 
contamination by oil coming from the compressor. These 
disadvantages can be avoided by the new sublimation pro- 
cess described by the author. Pure CO,-gas at atmospheric 
pressure is sublimed on a heat-exchanger surface cooled by 
chilled trichlorethylene. A cold gas cooling machine of the 
Philips type, which produces cold at —150°F with high 
efficiency, serves as a refrigerating machine. The dry-ice 
produced in this way has a crystalline structure and is 
therefore more compact and absolutely clean. It was 
shown that the ice is so clear and so transparent that 
types could be read through a layer of about an inch. 


The Fractionation of Gases containing Olefins by 
Refrigeration 

by E. Wittmann, Dipl.-Ing. 

IT IS ESPECIALLY difficult in Germany to find the necessary 
raw materials for the production of solvents, plastics and 
synthetic fibres. The starting products for the extraction 
of methane, ethane, ethylene, etc., are gases containing 
olefins, typical examples being coke-oven gas and gases 
from thermal and catalytic cracking plants. In order to 
increase the contents of hydrocarbons, especially of ethy- 
lene, tests have been made of the spraying of crude oil 
into the coke ovens. To produce gases of high olefin 
content, special processes have been developed for the 
thermal cracking of crude oil or light benzene in the 
Hoechst coke oven (Chemie-Ingenieur-Technik, 1955, 27, 
397-403) or by thermal cracking of ethane, propane and 
butane in the Winkler generator. The separation of the 
components is performed in low-temperature plants as 
described in the second example of Dr. SCHNELL’s paper. 
For such a plant, an energy balance of the compression 
and the fractionation was given for a gas of the following 
composition: 15% by volume of H:, 2% of CO + Nz, 
35% of CHis, 21% of CoHs, 15.0% of CoHe, 12.6% of 
higher boiling hydrocarbons. According to this balance, 
47.3kWh are needed to produce 1000 Ncft of ethylene. 
Tests to replace the low-temperature separation by an 
absorption process with washing oil or activated carbon 
were not successful because of the inferior separating 
effect of these processes. 
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BUILDING MATERIALS FROM 


PULVERISED FUEL-ASH 


Problems associated with the preparation of a useful building material 
from a power station waste product are reviewed 


by C. HOBBS, B.Sc., A.R.I.C. 


ANY articles have already appeared':* ** > discus- 
Maine the utilisation of pulverised-fuel (p.f.) ash in 
various ways, and have stressed the need of finding ways 
of disposing of 4 million tons a year of this product. 
Various estimates have been made of the present costs of 
disposal and of the potential growth of output and 
disposal costs over the next few years. The intention of 
this article is to.discuss the problem only in relation to the 
manufacture of new building materials—in particular, by 
sintering to a lightweight aggregate or by mixing with 
cement and other ingredients to make an aerated concrete. 


Availability of Ash 

Most of the processes developed for making building 
materials from p.f. ash require substantial capital invest- 
ment. Furthermore, the product must compete in price 
with the cheap basic building materials already available. 
The following conditions are therefore essential before a 
plant can be set up: 

(1) The ash must be easily available from the power 
station in a suitable form without the need for expen- 
sive modifications to existing plant. 

(2) The quantity available must be sufficient to keep 
the plant fully operative in summer when the p.f. ash 
output is at a minimum and the demand for building 
materials is at a maximum. 

(3) The expected life of the power station must be 
such that this minimum quantity will be maintained so 
as to permit an economic rate of capital repayment. 
These requirements tend to concentrate schemes on 

stations of modern construction. Such power stations are 
very large, work continuously to supply base load, and 
produce ash of a low average carbon content. The older, 
smaller stations, used only to supply power at peak load 
periods, have highly fluctuating outputs and short ex- 
pected lives. They are therefore unsuitable. Equally un- 
suitable are those stations which, because of location away 
from coal pits, may possibly have to change over from 
the burning of coal to alternative types of fuel. 

The processes developed so far for the manufacture of 
building materials from p.f. ash, because of their high 
capital costs and low labour costs, are usually suited to 
three-shift operation. It will be seen from Fig. 1, which 
shows the fluctuations in output from a typical base load 
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station, that a plant which can be operated on a continuous 
basis in the summer months can handle at most only 
about two-thirds of the output of ash from the station. 
The extra output produced in the winter months must be 
disposed of in some other way. Fig. 2 shows the estimated 
output of p.f. ash from five stations in one district, show- 
ing how the ash output is slowly being concentrated into 
fewer bigger stations. These larger stations are being con- 
structed in those parts of the country which are coal- 
bearing. As a result, the quantity of p.f. ash available will 
continue to grow for many years, but during this period 
the ash will tend to become concentrated in a few areas. 

The basic building materials are very cheap and widely 
available—for example, concreting aggregates can be had 
in most areas for 15s. to 20s. a ton delivered to site. 
Similarly, concrete blocks and bricks are cheap and widely 
available. Haulage costs at, say 3d to 4d. a ton mile can 
soon take a material out of the competitive price range, 
so that factories producing building materials musk seek 
their chief market within a range of about 50 miles. It is 
unlikely that such a limited market could ever do more 
than consume a small proportion of the ash becoming 
available in coal-bearing areas. In other areas a shortage 
of p.f. ash could easily develop. 

Clearly, in this respect, the price paid for the ash at the 
power station becomes important—the lower this is, the 
larger the quantity which can be used for manufacturing 


Fig. 1. Output of damp 
ash from a typical base 
load station. 


Fig. 2. Output of pf. 
ash from five stations, 
showing tendency to 
concentrate into bigger 

stations. 


Fig. 3. Distribution of 
carbon contained in ash 
from two modern 

stations. 


Fig. 5. Effect of pan 
depth and pan tilt on 
pellet size. 
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purposes, since a greater sales radius may be obtained. 
Since the present costs for disposing of ash are large, a 
zero Or negative price at the station could still show a large 
saving to the electricity authorities. 


Quality of Ash 

Modern power station equipment when it is operating in 
the steady conditions of a base load station produces ashes 
with carbon contents averaging as little as 3-4%. Fig. 3 
shows the distribution of carbon content from two modern 
stations and it will be seen that in both cases the average 
carbon content is of the order of 4%, though the variation 
is much greater in one case. Similar variations also occur 
in the other important properties of p.f. ash—for example, 
its fusion point, specific surface and calorific value. In 
studies of ash from Littlebrooke Power Station, calorific 
values varying from 600 to 1200 cal/g. have been obtained. 

From the viewpoint of a manufacturing process, even 
the ash from a power station working under base load 
conditions is a variable raw material and many of the 
problems arising in its utilisation stem from this variability. 


Aerated Concretes from P.F. Ash 
At ordinary temperatures p.f. ash will react with lime to 
produce cementing compounds of the calcium silicate 
type,® though the reaction is slow and may take many 
months. The same reaction occurs more rapidly at higher 
temperatures and mixtures of lime and p.f. ash autoclaved 
at pressures of the order of 165psi produce cementing 
reaction products—largely calcium silicate monohydrate” * 
-in a few hours. Mixtures of cement or lime and p.f. ash 
are, therefore, of direct interest in the production of con- 
crete blocks where steam curing is essential or desirable. 
Lightweight concretes may be made by using lightweight 
aggregates or by entraining air bubbles in a setting matrix. 
The latter, or aerated concretes as they are normally called, 
can be produced either by chemical gas generation in the 
mix or by mixing the material mechanically with a stable 
foam. The former method requires careful control of the 
chemicals used and of the consistency and temperature of 
the raw materials and the wet mix if a consistent product 
is to be achieved. The mechanical method is less sensitive 
to changes in mix temperature and consistency, but it can- 
not be controlled with the precision of the chemical aera- 
tion process. For these reasons chemical aeration is nor- 
mally preferred for factory production, whilst mechanical 
foaming is used for aerated concretes produced on sites. 
The commonest chemical used for aeration is alu- 
minium powder which reacts with the lime in the mix to 


give calcium aluminates and hydrogen bubbles. Aluminium 
is particularly suitable because none of the products of the 
reaction is in any way harmful to concrete, and also be- 
cause finely dispersed forms of aluminium are available 
commercially and cheaply. 

The bubbles in aerated concrete tend to be flattened 
slightly in a vertical direction owing to the work done in 
pushing the matrix upwards against gravity during rising. 
This flattening leads to undesirable directional properties 
so that the material has different strengths in planes 
parallel with, and at right angles to, the casting bed. To 
reduce this directional effect, the plasticity of the wet mix 
must be suitably adjusted and carefully controlled. The 
plasticity of the mix is also important if reproducible 
densities and uniform structures are to be attained. In order 
to achieve the desired plastic properties from the wet mix 
the use of finely divided aggregates is necessary. In the 
past finely ground sand has been used, but the grinding is 
very costly. P.f. ash, which is already available as a finely 
divided material, therefore offers immediate attractions for 
the manufacture of such products. 

The linear drying shrinkage of concrete, normally in 
the range 0.02 to 0.03%, is greatly increased when very 
fine aggregates are used, so that an aerated concrete where 
the whole of the aggregate is extremely finely divided may 
have a drying shrinkage as high as 0.12 to 0.20%. 

Shrinkages of this order lead to serious cracking prob- 
lems in buildings. Studies of shrinkage cracking have 
shown that a drying shrinkage greater than about 0.06% 
is dangerous, This figure is the upper limit for shrinkage 
in B.S. 2028 for lightweight concrete blocks. 

The shrinkage of aerated concretes may be reduced by: 

(1) reducing the cement content; 

(2) using coarser aggregates; 

(3) using higher densities; and 

(4) steam curing the block during production. 

The strength of an aerated concrete falls rapidly as the 
density of the concrete is reduced. For this reason, cement 
contents as high as 30 to 50% of the total mix are often 
necessary with lower density aerated concretes to achieve 
the compressive strength of 400 lb./sq. in. required for a 
building block. There are serious limits, therefore, to the 
extent that shrinkage can be lowered by reduction in 
cement content, 

Coarser aggregates reduce shinkage by offering internal 
restraint. However, they increase the difficulty of obtaining 
low densities and also tend to increase the directional pro- 
perties of the block by spoiling the plastic properties of 
the green mix. A proportion of coarser aggregate—with 
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a minimum size of about }-s in.—is often used, but if 
this is not to produce harmful results special chemical 
methods of stabilising the wet mix and adjusting its con- 
sistency are needed. 

With higher densities, higher strengths and lower shink- 
ages can, of course, be obtained. Because of this, many 
aerated concretes have been produced with densities up- 
wards of 80 Ib./cu. ft which comply with all the require- 
ments of strength, shrinkage and uniformity for aerated 
concrete. For general building construction in this country, 
however, densities down to 40 to 50 lb./cu. ft are desir- 
able to give suitable standards of thermal insulation; with 
the increasing use of double glazing and floor and roof 
insulation, it can be expected that even lower densities will 
become desirable in the future. 

Steam curing at pressures around 160 psi for 8 to 12 
hours is commonly used with factory-produced aerated 
concretes and produces immediate reduction of the drying 
shrinkage into the region of 0.08 to 0.10%. Clearly, the 
use of p.f. ash as an aggregate offers attractions in this 
case because of the reactivity of p.f. ash with lime or 
cement at high temperatures already mentioned. 

The production of an aerated concrete with a density of, 
say, 50 Ib./cu. ft and having a sufficiently high strength to 
be load bearing and a sufficiently low shrinkage to comply 
with the British Standard requirements is, therefore, a very 
difficult matter and one necessitating a very careful balance 
between conflicting requirements. As a consequence, 
aerated concretes containing more than about 50% by 
weight of p.f..ash are not usually satisfactory. Only one 
lightweight concrete with a density as low as 50 Ib./cu. ft, 
complying with strength and shrinkage requirements, has 
so far been developed and marketed in this country. Many 
aerated concretes of densities around 50 Ib./cu. ft have 
been produced and marketed overseas and many of these 
materials use p.f. ash as a raw material, some using as 
much as 70%, p.f. ash. Not one of these, however, would 
comply with all the British Standard requirements. The 
fact that these are used satisfactorily overseas but are not 
suitable for use in this country is probably due to dif- 
ferences in climate and in general building practices. 

The one aerated concrete produced at the present time 
in this country with the necessary combination of pro- 
perties has been extremely successful and there is no doubt 
that a considerable and growing demand for products of 
this type exists. But, because of the great complications 
of the process, the capital outlay required for such fac- 
tories can be as much as £300 per cu. yd/wk output, and 
this, in itself, is likely to reduce the potentiality of this 
technique for disposing of large quantities of p.f. ash. 


P.F. Ash for Lightweight Aggregate 

Several alternative processes have been considered for 
sintering p.f. ash to a lightweight aggregate and work has 
been done on two of these in this country in the last few 
years. The first uses the shaft kiln; the second the sinter 
strand. In both processes the ash is first pelletised with 
water into balls up to } in. in diameter. The best type of 
pelletiser has been found to be the tilted pan type (see Fig. 
4), in which the ash is fed continuously into a tilted pan 
into which water sprays are directed. The ash travels in a 
spiral path, during which it forms into pellets and is 
eventually spilled over the rim of the pan. When condi- 
tions have been carefully adjusted, these pelletisers pro- 
duce pellets of remarkably constant size and will operate 
with little supervision. Adjustments of pan tilt, peripheral 
speed and pan depth can be used to produce pellets of 
different sizes (see Fig. 5). To obtain a mixed grading of 
pellets for feeding to the burning plant a number of pel- 
letisers are necessary to produce different sizes. Properly 
compacted pellets are strong enough to withstand handling 
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Fig. 6. Effect of moisture content on yield of pellets. 


on normal conveying equipment and hoppers, provided 
large falls and undue attrition are avoided. Wetting agents 
assist the formation of pellets but reduce their strength. 
In the case of difficult materials, for example, coarse cy- 
clone ash, their use is an advantage, but with p.f. ash 
from precipitators they are better avoided. The optimum 
moisture content for pelletising is of the order of 20 to 
30% depending on the fineness and other properties of the 
ash, but for any particular ash satisfactory pelletising only 
occurs when the moisture content is within a range of 
about +2% of the optimum (Fig. 6). 

It is believed that pelletising goes forward in two stages, 
nucleation and snow-balling. In the nucleation stage a 
moisture content of 30 to 35% is necessary. At this stage 
individual particles of ash coalesce under the influence of 
the surface tension of water to form small agglomerates 
or nuclei. These nuclei then grow when rolled in dry ash 
by compaction, which squeezes free water to the surface, 
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using sintered p.f. ash aggregate. 
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Fig. 7. Mid-point temperature of bed as burning 
zone traverses it. 


the free water then picking up further dry ash. It is there- 
fore necessary in pelletising to have two zones in the pan— 
a nucleation zone where the moisture is in excess of the 
average required for pelletising, and a dry zone where 
the moisture content is less than this average. Increasing 
the area of the nucleation zone produces more small ag- 
glomerates and less snow-balling, so that smaller pellets 
are produced. Similarly, decreasing the area of the nuclea- 
tion zone can be used to produce larger pellets. 

In practice a nucleation zone tends to form automati- 
cally at the point where water is added to the pelletiser, 
and satisfactory conditions of peripheral-speed pan depth 
and tilt can often be selected to produce pellets of desired 
size with a simple continuous ash and water feed. 

With a variable raw material, however, greater control 
can be achieved either by the provision of several water 
sprays, which allow the nucleation area to be changed, or 
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by varying the rate of feed of powder, though this latter 
course also varies the output of the pelletiser, With a 
continually varying material the adjustment of pan tilt, 
depth or peripheral speed is too clumsy to be practical, so 
the control of pellet size by control of water valves is 
a very valuable technique. 

The green pellets are then fed to either a vertical shaft 
kiln or to a sinter strand for burning. In the latter the 
pellets are formed into a bed of about 10 to 12 in. thick 
moving on a travelling grate. The bed is ignited on its 
top surface by passing under an ignition hood maintained 
at a temperature of 1200 to 1300°C. Ignition. time, which 
varies with the carbon content of the material, usually is 
about | minute. Although the pellets are bonded only 
with water and all this water is driven off before ignition, 
no breakdown of the pellets occurs. When the same pellets 
are oven dried at 100°C they completely disintegrate back 
to a fine powder. This stability of the pellets under high- 
temperature drying is not fully explained, though it has 
been suggested that it is due to the presence of lime and 
sulphate which develop a temporary chemical bond. The 
author has found no evidence of this and it would not 
seem to be borne out by the behaviour of plaster-bound 
pellets which disintegrate on ignition before sintering can 
begin. 

After ignition the rate of passage of the flame front 
through the material is aproximately | in./min. with an 
air flow of 200 cu. ft min./sq. ft of bed. The bed of pel- 
lets is highly permeable—the loss in pressure across a 
12-in. bed in these conditions is about 2 in. The cor- 
responding figure for, say, a bed of iron ore ready for 
sintering would be 24 in. or more." ™: This large perme- 
ability leads to considerable economies in fan horse-power, 
which is one of the major items of cost in sintering pro- 
cesses. To facilitate efficient burning it is desirable to have 
the pellets graded in size and mixed before feeding to the 
bed. A suitable grading is } to 4} in., 4 to 2 in., } to 4 in, 
js; to % in. This is similar to that required for a concret- 
ing aggregate and, therefore, since this is the most likely 
use of the product, there is no objection to burning a bed 
of mixed sizes in this way. 

Pellets up to 4+ to } in. can be completely burned 
through on the bed operating under these conditions with- 
out serious loss of output. Larger pellets require a longer 
burning period if complete combustion is to be achieved, 
so either a high fuel content must be used or a lower air 
flow with a consequently reduced output from the strand. 
For this reason very large pellets become uneconomic. 

Fig. 7 shows the variation in temperature of the mid- 
point of the bed as the burning zone traverses through. 
These measurements are difficult because of the time lag 
of recording instruments, and though the shape of the 
curve is essentially correct, corrections are required to 
obtain the exact temperature achieved and the time/ 
temperature relationship. The maximum temperature ob- 
tained is considerably higher than the sintering temperature 
of most ashes which are usually in the range 800° to 
1000°C. This transient temperature approaching the 
fusion point of the ash produces a case-hardening effect 
on the pellets, but is not held long enough to cause 
clinkering and collapse. 

The great permeability of the bed leads to inefficient use 
of combustion air, and up to 120,000 cu. ft air/ton of 
sinter is required. This compares with figures of 60,000- 
50,000 cu. ft air/ton for iron ore.* * ™ The heavy air con- 
sumption leads to low air temperatures in flues and ducts, 
and care in their layout is required to avoid dew-point 
being reached and the development of condensation and 
corrosion troubles. The temperature of the flue gases 
ranges from 60° to 80°C under the ignition hood, to 350°C 
at the end of the strand. The mixed gases average 140° to 
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TABLE 1—DENSITY/STRENGTH RELATIONSHIP FOR 
VARIOUS MIXES OF SINTERED P.F.A. CONCRETE 
































Com- 
Ageregate| Cement: /|Density 1lb./cu.ft a. Drying Moisture 
Grading | Aggregate Wet Dry Strength | Shrinkage | Movement 
(by weight) 1b./sq. in. 
No. I 1:7 69 59 455 0-05 0-04 
No. 2 1:7 68 59 449 0-06 0-04 
No. 3 1:7 68 60 445 0-06 0-05 
No. 2 fe 76 «8663 664 0-05 0-05 
No. I 1:5 76 8664 677 0-04 0-04 
No. 4 1:7 76 866 563 0-06 0-05 
No. 5 1:7 84 66 731 0-06 0-04 
No. 3 1:5 84 66 815 0-06 0-06 
No. 3 1:7 80 671 719 0-06 0-05 
No. 4 1:5 83 671 1040 0-05 0-04 
No. 3 1:5 86 671 963 0-06 0-06 
No. I 1:3 83 72 880 0-05 0-05 
No. 2 1:3 85 72 1215 0-05 0-05 
No. 3 1:3 85 73 1262 0-06 0-06 
No. 5 1:5 86 74 1001 0-05 0-04 
No. 4 1:3 91 74 1673 0-06 0-06 
No. 3 1:3 89 79 1482 0-06 0-06 
No. 5 1:3 95 87 1923 0-06 0-06 
No. 6 1:7 104 91 2373 
No. 6 1:5 104 94 2753 
No. 6 1:3 109 97 4203 
(1) To make concretes of various densities the aggregate grading was varied. 

The standard gradings used were as follows 

Series | No fines concrete 100% j to } in. aggregate. 

Series 2. No fines concrete 100% } to *& in. aggregate 

Series 3. 80% } to & in 

20% *% in. down. ‘ 
Series 4. As for No. 3, but with addition of wetting agent 
Series 5. 80% 3} to %& in 
20% Natural sand 


Series 6. 47% } to ? in 
20% ¢ to *% in 
33% + in. down 

(2) The cement /aggregate ratios by weight given are approximately twice the 
corresponding ratios by volume, ¢.g., a mix by weight is equivalent 
to a 1:14 mix by volume. 

(3) It is interesting to note the importance of density and unimportance of 
cement content on the strength at lower densities and the way the effect 
of cement content assumes greater importance at high densities. In the 
region of densities of 100 Ib./cu. ft, the water/cement ratio law for 
ordinary concrete begins to apply 


160°C. The high permeability, however, has very consider- 
able advantages-in the temperature control of the burning 
zone when burning very variable materials like p.f. ash, 
since it permits great flexibility of operation of the strand 
and allows for some compensation when the fuel condition 
of the feed alters. This is an essential factor in burning 
p.f. ash and is one of the very strong attractions of the 
sinter strand for this particular purpose. The excess air 
pulled from the bed also tends to reduce the grate tem- 
perature and gives a longer life to the grate bars than is 
normally expected. It also facilitates cooling of the pellets 
whilst on the strand, so that handling of the material 
from the end of the strand is simplified. 

The material falling off the strand is red-brown in 
colour and has the appearance of popcorn, i.e., a number 
of spherical globules stuck together at their point of con- 
tact. When dropping through grizzly bars the material 
easily shatters into separate spherical particles which can 
then be graded into separate sizes by conventional screen- 
ing equipment. Little dust is produced. 

In the shaft kiln process the green pellets are fed into 
a kiln say 30 ft high X 8 ft in diameter. The material in 
this case passes through the burning zone, whose depth is 
much greater than in the sinter strand. Consequently, the 
soaking period at high temperature is longer and it is pos- 
sible to fire pellets of greater maximum size. Pellets up 
to 2 in. in diameter can be produced through shaft kilns, 
though there is not likely to be much use for such pellets 
in the concrete industry. Conversely, greater difficulty is 
experienced in firing smaller-diameter pellets without 
clinkering. The greater bed depth in the shaft kiln leads 
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to greater pressure losses in the system so that larger fans 
may be required. This would lead to an increase in com- 
bustion cost, but against this may be set the fact that the 
system is self-sufficient once started and does not require 
the combustion of ignition fuel. Furthermore, there is 
some evidence that ashes of lower calorific value can be 
burned in shaft kilns. 

Balancing the various advantages and disadvantages, the 
shaft kiln process should be slightly cheaper, particularly 
with low carbon ashes from base-load stations, provided 
that the kiln can be kept running at its maximum output. 
However, the lower permeability, the greater depth of 
the burning zone and the fact that it is not visible may 
lead to difficulties when sintering raw material of very 
variable carbon contents such as p.f. ash, and there is 
some doubt as to whether a shaft kiln working on p.f. ash 
would be able to run continuously at maximum output. 
This would be particularly true with ashes from the older, 
peak-load stations. If clinkering occurred from time to 
time, this would restrict the passage of material through 
the kiln and lower the permeability so that the output 
would drop rapidly. 

In comparing the two burning techniques, therefore, the 
question of thermal control of the shaft kiln is of prime 
importance. A simple shaft kiln may not be adequate in 
this respect and proposals have been made to add equip- 
ment to it and modify its design to permit automatic 
temperature control in the burning zone. There is no ex- 
perience yet to show whether these modifications can 
achieve the desired result. However, a plant to sinter p.f. 
ash using the shaft kiln technique has recently been 
erected in the London area, so information on all these 
points may soon be forthcoming. 

After grading and screening, the finished product from 
the sinter strand is in the form of hard, rounded pellets, 
which have considerable advantages for concrete produc- 
tion over the irregularly-shaped particles of the lightweight 
aggregates already on the market.’ These advantages 
include the ability to obtain the same compression strengths 
at lower densities and with lower cement contents, or 
to obtain more workable mixes for the same strength- 
and-cement content. Savings of between 10 and 20% of 
cement have been obtained. Table 1 summarises the pro- 
perties of a typical aggregate produced from a sinter 
strand, and Fig. 8 summarises the range of concretes 
which can be made with this aggregate. 
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Interpretation of Experimental Results 

Air condition curves were constructed from the results 
given in Tables 3 and 4* by the MICKLEY method. The 
enthalpy driving forces within the tower were obtained as 
the vertical distances between the end of tie lines once 
the slope of the tie line was established to give the correct 





i . dH 
condition curve. The value of the integral 7 , the num- 
_ 


H 

ber of transfer units, could then be obtained by graphical 
integration, the log mean method or by use of STEVEN’S 
“f” factor. The method used was that of STEVEN’s, as it 
gives accuracy approaching that obtained by graphical 
integration. 

The values of Ne, the number of transfer unitst 
obtained from the experimental readings, must be corrected 
to separate the performance of the packing from any end 
or other effects. The top-end effect is negligible due to good 
design of the distributor system. The wall effect cannot 
be corrected, but care was taken to ensure that the wall 
was thoroughly wetted at all times and similarly swept by 
the air stream. In this way the wall may be treated as 
though it were additional packing surface. The bottom- 
end effect is the most important source of error. Pre- 
humidification of the inlet air to the tower occurs as the 
air rises through spray falling from the bottom of the 
packing. The method deduced for correction of this error 
is given below. 

Experimental results were obtained for particular air 
and water rates at different packed heights. Provided the 
exit air is not saturated in any case, a plot of Ne versus 
packed height gives a straight line (Fig. 4). The method 
of least squares was used to fit the best straight line to the 
values plotted, and it was found that the regression co- 
efficient was close to unity, justifying the use of a straight 
line. Back extrapolation of this line to zero Ne gives a 
value of packed height having an effect equal to that of 
the spray. Alternatively, extrapolation to zero height of 
packing will give the value of Neo, the number of transfer 
units corresponding to the spray effect. The number of 
transfer units equivalent to the packing can then be 
obtained by the difference, i.e., Ne packed height = Ng — 
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* A description of the experimental wee and Tables 1, 2, 
published in Part 1, March issue, page 

t A list of Symbols Used was patched ‘with Part 1, as were Equations 
(1) and (3). 
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Neo. With Ne calculated, kca can be found from Equation 


(1),f Aga from the LEwis relationship noe P.Mg=S and 
G 


hia from Equation (3). The calculated results are given 
in Tables 5 to 9. 


Analysis of Results 

The experiment was planned so that an investigation 
could be carried out into the effect of the different factors 
considered together with the effect of any possible inter- 
actions between them. The design of the experiment was 
factorial in nature, and so the operating conditions were 
varied in every possible combination of the different air 
rate, water rate and packed height. Certain alterations 
were made to the basic experimental groups of 80 settings. 
The results for the lowest packed height were completely 
repeated. Certain values within the block were rejected as 
being completely in error. In the cases where the MICKLEY 
method did not work, replicate results were taken. 

The interpretation of the experimental results is not 
straightforward, and the precision and reproducibility of 
the results must be assessed. It is for this reason that 
statistical techniques are introduced. The results of the 
present work have been analysed by the “analysis of 
variance”. 

A survey of relevant literature indicates that the relation 
between the film coefficients and the operating variables 
should be of the form: 

Coefficient = « . Gz’ . Gg” Z° 
which may be transformed logarithmically into the linear 
relationship : 
log (Coefficient) = 
log + 8.log Gi + y log Ga + 8. log Z. 

The data were analysed to the best fitting equation for 
the linear relations, using the “method of least squares’. 
An “expected error” term is associated with each equation 
indicating the range within which the expected values will 
lie, with a 95% probability. It was found that the final 
results could be completely represented by two sets of 
equations; the first pertaining solely to the lowest packed 
height and not valid for the lowest air rate, the second set 
applying to the remainder of the data within the range of 
the experiment. These equations are as follows: 
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TABLE 6.—Tie-line Slopes at Different Levels of Water Rate and TABLE 7.—Gas Film Mass-transfer Coefficient kKca Calculated 
































































































































































































































Packed Height from Corrected Nc 
Nominal Air Rate = 1680 Ib./hr ft? Nominal Air Rate = 1680 Ib./hr ft? 
Water Packed Height Water Packed Height 
Rate Rate 
Ib./hr ft? 14 in. 33 in. 6} in. 104 in. 134 in. lb./hr ft? 14 in. 3} in. 6} in. 10} in. 134 in. 
1000 1.00 1.18 1.25 1.30 1.40 1000 48.3 48.7 
0.94 1.33 49.1 $1.2 48.4 49.1 50.3 
1260 1.07 1.25 1.28 1.38 1.50 55.7 55.6 
1.39 1260 52.7 56.3 54.4 55.8 54.9 
1500 1.14 1.34 1.24 — 1.58 53.2 — 
1.08 1.47 1500 62.5 62.0 61.4 61.3 60.2 
2000 1.20 1.40 1.50 — 1.70 68.5 “ 
1.20 1.58 2000 67.4 68.3 68.4 68.1 67.9 
Nominal Air Rate = 1260 lb./hr ft? Nominal Air Rate = 1260 Ib./hr ft? 
1000 0.80 1.10 1.10 1.15 1.20 35.9 42.8 
0.83 1.25 1000 47.3 41.3 44.2 42.1 42.1 
1260 0,88 1.15 1.20 ae 1.30 33.6 sania 
0.86 1.32 1260 51.5 46.8 47.8 46.1 44.5 
1500 0.95 1.21 1.10 _— 1.45 52.0 _— 
0.90 1.39 1500 46.9 52.2 50.6 48.5 49.2 
2000 1.025 1.30 1.20 — 1.60 52.0 an 
0.99 1.49 2000 50.5 51.5 50.8 52.9 50.9 
Nominal Air Rate = 1040 Ib./hr ft? Nominal Air Rate = 1040 Ib./hr. ft? 
1000 0.72 1.07 0.98 1.18 1.10 31.2 
0.71 1000 41.0 39.7 39.6 38.9 38.1 
1260 | 0.74 1.14 1.00 1.27 1.28 40.7 
0.74 1260 39.5 40.0 40.7 39.8 40.0 
1500 0.79 1.13 1.15 1.32 1.36 40.0 
0.78 1500 42.1 41.4 (41.0) 41.3 40.9 
2000 0.89 1.22 1.40 1.44 1.50 : 42.3 
0.87 2000 43.3 46.3 42.9 43.6 43.9 
Nominal Air Rate = 865 Ib./hr ft? Nominal Air Rate = 865 Ib./hr ft? 
1000 0.68 0.98 1.00 1.09 1.13 — 
0.69 1000 — 38.2 26.7 34.1 33.8 
1260 0.73 1.03 1.10 1.14 1.24 36.84 
0.72 1260 — 36.6 35.7 34.5 34.8 
1500 0.75 1.08 1.17 1.20 1.28 — 
0.715 1500 — 38.8 38.1 36.7 36.1 
2000 0.80 1.16 1.25 1.31 1.38 — 
0.745 2000 — 38.8 41.3 37.4 38.1 
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TABLE 8. — Gas Film Heat-transfer Coefficient ica Calculated TABLE 9.—Liquid Film Heat-transfer Coefficient h,a Calculated 


















































































































































































































































from Corrected Nc from Corrected Nc 
Nominal Air Rate = 1680 Ib./hr ft? Nominal Air Rate = 1680 lb./hr ft? 
Water Packed Height Water Packed Height 
Rate Rate 
Ib./hr ft? 1} in. 3¢ in. 6} in. 104 in. 134 in. Ib./hr ft? 1} in. 33 in. 6} in. 104 in. 134 in. 
345.0 350.6 1394 1836 
1000 348.9 346.6 348.1 353.3 363.3 1000 1337 1753 1754 1892 2040 
397.7 401.0 1727 2223 
1260 375.2 403.1 392.6 402.2 397.3 1260 1559 2041 2021 2248 2387 
380.5 — 1759 — 
1500 445.5 444.5 442.8 442.4 436.7 1500 1958 2410 2208 2612 2760 
489.9 2839 
2000 481.0 491.1 494.4 492.4 493.5 2000 2346 2771 2977 3118 3348 
Nominal Air Rate = 1260 lb./hr. ft? Nominal Air Rate = 1260 Ib./hr ft? 
256.5 308.4 833 1427 
1000 337.4 295.7 316.9 303.1 305.2 1000 1139 1316 1410 1525 1467 
240.3 — 858 — 
1260 336.9 335.4 343.3 332.9 330.0 1260 1283 1559 1664 1766 1714 
372.2 — 1433 — 
1500 334.3 375.2 365.3 350.6 358.7 1500 1233 1838 1614 1956 2073 
372.5 _ 1547 a 
2000 360.9 369.9 367.2 382.8 370.7 2000 1443 1940 1769 2284 2360 
Nominal Air Rate = 1040 Ib./hr ft? Nominal Air Rate = 1040 Ib./hr ft? 
223.0 651 
1000 291.7 284.6 284.5 281.9 276.1 1000 844 1231 1126 1332 1216 
291.2 874 
1260 281.1 286.7 292.2 288.7 290.0 1260 847 1321 1179 1460 1484 
285.7 916 
1500 300.2 296.8 (299.0) 299.8 297.0 1500 953 1356 (1480) 1581 1614 
302.4 1091 
2000 308.6 332.8 308.8 316.9 318.6 2000 1092 1639 1737 1821 1901 
Nominal Air Rate = 865 Ib./hr ft? Nominal Air Rate = 865 lb./hr ft? 
1000 _- 274.0 263.7 247.3 244.8 1000 — 1087 1063 1079 1107 
263.8 780 
1260 —_— 262.8 256.8 250.2 252.6 1260 — 1094 1138 1141 1252 
1500 — 278.5 274.6 266.0 262.0 1500 — 1214 1293 1278 1539 
ja — 279.0 297.8 271.3 277.3 2000 — 1304 1496 1422 1523 
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Packed height = 1}in. (equations not valid for lowest air 


rate) 
kea = 0.02 G1°* Ge?” + 9.0 (22%) 
hea = 29 .s.Kea 
tie line slope = —0.001 G.°” Ge” + 0.05 (5.4%) 


hia = 0.0004 G,°* Ge ae 
Packed height = 33, 6}, 104 and 134 in. 
kea = 0.04 Gi°* Ge?” + 6.8 (14%) 
hea = 29.5. Kea 
tie line slope = —0.026 Gi°* Ge’* + 0.17 (13.4%) 
hia = 0.03 Gi! os Ga” 


Discussion 

The MickLey method of analysis has a number of dis- 
advantages which seriously reduce its range of useful 
application. The most important of these is that the 
method cannot ordinarily be used for any case where the 
outlet air is saturated with water vapour. The exception to 
this is the case where the air condition is known accu- 
rately at some point within the packing. If the air becomes 
saturated at any point in the tower, it is almost certain 
to leave saturated. Moreover, unless the point at which 
saturation takes place can be located the two reference 
conditions necessary for the construction of the condition 
curve do not exist. The experimental data show that the 
air is practically saturated after passing through only 12 to 
18 in. of packing, and it would seem reasonable to suppose 
that large cooling towers of similar characteristic design 
would completely saturate the air well before the top of 
the packing. 

Despite the fact that the air is saturated, enthalpy trans- 
fer will continue as long as the water temperature is greater 
than the bulk-air temperature; normally, transfer continues 
until the air leaves at the top of the tower. It is clear that 
the condition curve will touch the equilibrium curve at the 
point at which saturation occurs, but it is not clear what 
course the curve takes thereafter. The alternatives are that 
the air becomes supersaturated, indicated by the condition 
curve crossing the equilibrium curve, or that the condition 
curve follows the line of the equilibrium curve. It is diffi- 
cult to separate true effects from others which confuse the 
issue in this range. The presence of “fog” in the tower 





may indicate unstable supersaturation, or it may simply 
be due to a local concentration of carry-over water drop- 
lets in dynamic equilibrium at a point where their settling 
velocity is equal to the air velocity. The fact remains, how- 
ever, that after saturation has been completed there is a 
very strong tendency for fog to form. Whatever the cause 
of this, it is highly probable that its presence invalidates 
the equations customarily used to describe the mass- and 
heat-transfer process. This being the case, no existing 
method of analysis will yield the correct result. The only 
advantage of the MIcKLEY method is that it gives a more 
accurate result than any other in the range where the air 
is unsaturated. 

The applicability of the MicKLEy method to the design 
of equipment is uncertain. It would be uneconomical to 
design cooling towers to operate exclusively under condi- 
tions where the outlet air is unsaturated, yet it is unsound 
to extend the method to the wider field. Coupled with this 
is the fact that there are very few data available on the 
values of the individual film coefficients, particularly the 
liquid-film, heat-transfer coefficient. The use of the method 
is therefore reduced to the analysis of experimental results 
of strictly limited application. A much more complete 
picture would be obtained if more were known of the 
mechanism of the mass- and heat-transfer processes 
between water, as the continuous phase, and supersaturated 
air, fog or even a finely atomised water spray as the dis- 
perse phase. 

The present experimental work was carried out under 
conditions known to be within the range of the MICKLEY 
method. The results show a number of extremely interest- 
ing facts. The most important is that the liquid-film 
resistance to heat transfer is not negligible. The equations 
derived describe the variations of the individual film co- 
efficients and the tie-line slope with variation in magnitude 
of the three major operating variables. 

The values obtained for the gas-film, mass-transfer co- 
efficient appear to be rather low. However, it must be 
realised that they were obtained for very small packed 
heights. The exponents on the air rate and water rate com- 
pare very favourably with those obtained by other workers, 
particularly those relating to the larger packed heights. 
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Fig. 4. Plot of Ne v. packed height—estimation of end effect. 
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TABLE 5.—Number of Transfer Units at Different Levels of Water Rate and Packed Height 


Nominal Air Rate = 1680 Ib./hr. ft.? 

























































































































































































Water Uncorrected Packed Height Corrected Packed Height 
Rate 
Ib./hr ft? 1} in. 3¢ in. 62 in. 104 in. 134 in. 1} in. 3¢ in. 6} in. 10} in. 134 in. 
1000 0.510 0.682 0.907 1.149 1.421 0.079 0.251 0.476 0.718 0.990 
0.511 r1.154 0.080 0.723 
1260 0.530 0.715 0.915 1.258 1.520 0.091 0.276 0.536 0.819 1.081 
0.525 r1.261 0.086 0.822 
1500 0.537 0.752 1.045 _ 1.636 0.087 0.304 0.604 — 1.186 
0.552 r1.353 0.102 0.903 
2000 0.605 0.828 1.166 — 1.830 0.112 0.335 0.673 — 1.337 
0.603 r1.496 0.110 1.003 
Nominal Air Rate = 1260 Ib./hr ft? 
1000 0.623 0.816 1.123 1.393 1.652 0.078 0.271 0.518 0.848 1.107 
0.648 r1.371 0.103 0.826 
1260 0.627 0.861 1.179 — 1.748 0.073 0.307 0.625 — 1.194 
0.666 r1.460 0.112 0.906 
1500 0.690 0.896 1.240 -= 1.873 0.113 0.343 0.663 — 1.296 
0.679 r1.530 0.102 0.953 
2000 0.733 0.958 1.286 — 1.957 0.113 0.338 0.666 — 1.337 
0.730 r1.658 0.110 1.038 
Nominal Air Rate = 1040 Ib./hr ft? 
1000 0.677 0.908 1.219 1.524 1.807 0.082 0.313 0.624 0.929 1.212 
0.703 0.108 
1260 0.731 0.939 1.265 1.670 1.895 0.107 0.315 0.641 0.950 1.271 
0.728 0.104 
1500 0.747 0.968 1.378 1.734 — 0.105 0.326 —* 0.985 1.300 
0.753 r1.942 0.111 
2000 0.798 0.052 1.362 1.798 2.078 0.111 0.365 0.675 1.040 1.391 
0.801 0.114 
Nominal Air Rate = 865 Ib./hr ft? 
1000 0.723 0.998 1.347 1.619 1.930 0.083 0.358 0.707 0.979 1.290 
0.724 0.084 
1260 0.797 1.023 1.368 1.670 2.010 0.117 0.343 0.688 0.990 1.330 
0.770 0.090 
1500 0.914 1.046 1.356 1.734 2.061 —* 0.363 0.713 1.051 1.378 
0.776 0.093 
2000 0.959 1.090 1.499 1.798 2.181 —* 0.363 0.772 1.071 1.454 
0.830 0.103 









































*Rejected in final analysis as being seriously in error. 
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The magnitude of the liquid-film resistance to heat transfer 
has a marked effect on the value of the mass-transfer co- 
efficient, due to the presence of, and variation in, the slope 
of the tie-line. 

An attempt has been made to correct for end-effects the 
values of the number of transfer units obtained directly 
from the experimental readings. It has not been possible, 
however, to satisfactorily correct the tie-line slope and 
hence the liquid-film, heat-transfer coefficient. The tie-line 
slope is seen to increase very slowly with an increase in 
packed height, indicating that the liquid-film resistance 
decreases with such an increase. Since the tie-line slope 
cannot be corrected for end-effects, the reason for its 
variation with packed height is uncertain. Possibly a large 
liquid-film resistance exists on the spray below the packing, 
the effect of which becomes less and less apparent as the 
packed height increases. If this were so, it would indicate 
a higher resistance in the spray than in the film of liquid 
adhering to a packing. It would be of considerable interest 
to investigate this point experimentally; if it is shown to 
exist, it would mean a complication of future experimental 
work since the end-effect would have to be separated by 
design and correction from that of the film on the packing. 


Conclusions 

(1) The MickLey method is the best available method 
for analysis of the mass- and heat-transfer processes in a 
cooling tower. It suffers from the serious disadvantage that 
it can only be applied to a limited range of operating 
variables where the air becomes just saturated at the top 
of the tower, or when the air leaves in an unsaturated state. 

(2) Saturation of the air in a cooling tower will normally 
occur within the packing before the top of the tower is 
reached. 


(3) The MickLey method applied within its limitations 
yields values for hea, hra and kea. The results show that 
the coefficient of heat transfer in the liquid film cannot be 
neglected. 

(4) Equations are proposed for the effect of air rate, 
water rate and packed height on the transfer coefficients. 

(5) End-effects are significant and an attempt has been 
made either to eliminate or allow for them. 

(6) The presence of liquid droplets within the tower, 
either as carry-over or fog, is a complicating factor which 
may be of considerable importance and requires further 
investigation. 
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British Chemical Plant for the Soviet Union 


RITISH manufacturers are in negotiations now at 
contract or advanced stages for the supply to Russia 
of plant and equipment worth several million pounds. 

The Soviet Government is negotiating with Elliott Bros. 
(London) Ltd, for example, for the possible purchase of 
the complete automation equipment worth about £1 
million for an ore refinery plant at Jezzkazgan. 

As a result of design study, it is estimated that the 
volume of ore refined in a day can be increased by about 
10%, without increasing the capacity of the plant, and 
that it will be possible to achieve this output with only 
400 operatives, of whom 192 will be shift workers 
employed on production. The plant as it stands extracts 
the minerals from 17,000 tons of ore per day. It employs 
nearly 1000 people, of whom half work in three eight-hour 
shifts. The study cost the Russians £12,000 and took a 
British team about ten months to complete. The team 
consisted of mechanical, electronic, chemical and process 
engineers from the staff of Elliott Bros. and of consulting 
engineers called in to deal with such subjects as automatic 
chemical analysis and the engineering of a fully automatic 
train marshalling yard. For about half the period a num- 
ber of Russian engineers were attached to the design study 
group. 

The team is proposing the use of a wide range of tech- 
niques to build up an integrated automatic control system. 
Among them are fully automatic X-ray and fluorescent 
spectrography for continuous measurement of the metal 
content of the ore and other methods of continuous 
chemical analysis. The reagents are automatically mixed 
according to the requirements of the ore passing through 
the plant and their strength is continuously monitored so 
that it can be controlled automatically. This is governed 
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from a transistorised digital computer which carries out 
continuous computation and handling of data. The per- 
formance of the plant is also continuously evaluated in a 
computer and provision is made in the computer for a 
further step in automatic control in the future. Industrial 
television links are extensively used throughout the plant 
for remote supervision, and main elements of the plant, 
such as various stages of grinding and flotation, are fully 
automatically controlled. If the proposal set out in the 
design study is adopted, the control of the refining process 
from the time the train loads of ore reach the marshalling 
yards of the refinery up to the delivery of the refined 
metal will be an almost wholly automatic process. 

The announcement of the negotiations is the first inti- 
mation of discussions which have been going on since the 
visit of the Russian Trade Delegation to Britain in 1957. 
Shortly after that visit, officials from Elliotts visited Mos- 
cow and within a matter of weeks the Russians had 
placed with them a contract for a design study. 

Making the announcement recently, Mr. Platonov, 
vice-president of Machinoimport, added that a short while 
ago inquiries had gone out for compressors and pumps 
needed for the chemical industry under the Soviet Govern- 
ment’s expansion programme in the new Seven-year Plan, 
and replies from Germany and France had come back 
more quickly than from the U.K. 

In competition with Krupps, Vickers-Armstrongs (En- 
gineers) Ltd. have secured a contract subject, however, 
to “contract conditions” for a £2.25 million chemical plant 
for the production of man-made fibre. The supply of plant 
would be undertaken in association with another British 
firm, Highpolymer & Petrochemical Engineers, designers 
and consultants. 
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LIQUID-LIQUID EXTRACTION 


Described in this article 
surplus hydrochloric acid 


is a new outlet for the utilisation of 


by A. BANIEL, M.Sc., Dr. es Sc., R. BLUMBERG, M.Sc., Ph.D., 
A. ALON, Pharm. Chem. Dr. 


NEW process* for the production of phosphoric acid 

which makes it possible to use hydrochloric acid in 
place of the sulphuric acid presently used has been 
developed by Israel Mining Industries. The use of hydro- 
chloric acid in the phosphate industry is restricted at pre- 
sent to the production of dicalcium phosphate, because it 
was believed until recently that the manufacture of phos- 
phoric acid and water-soluble phosphatic fertilisers by 
treatment with hydrochloric acid was commercially im- 
practicable, since both the phosphoric acid (or monocal- 
cium phosphate) and the calcium chloride formed in the 
reaction are soluble in the aqueous medium used, making 
their separation by known methods extremely difficult. The 
I.M.I. process overcomes this difficulty by using solvent 
extraction for separation of the H;PO, from the CaCl. 
concurrently formed. This makes the use of HCl for the 
manufacture of H;PQO, technically and economically feas- 
ible, and affords an outlet for large quantities of surplus 
or waste HCl which are formed in the manufacture of 
certain fertilisers and in numerous chlorinations. 

While expensive solvents were commonly used in 
organic and petrochemical industries for the manufacture 
of relatively inexpensive products, their economic use in 
inorganic industries was virtually unknown. It is only dur- 
ing the past few years that the utilisation of organic sol- 
vents has been initiated in processes dealing with inorganic 
materials. Several such processes now operate on a sound 
economic and technological basis. 

Extensive work on applying of solvent extraction for 
the production of water-soluble acids and salts was car- 
ried out in the I.M.I. Laboratories during the past years. 
Some aspects of this work were presented before the 29th 
Congress of Industrial Chemistry in Paris in 1956.’ 

As part of this programme the problems connected with 
the production of phosphoric acid by the solvent extrac- 
tion process have been thoroughly studied? and pilot-scale 
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Dr. A. Baniel is Chief Chemist, Israel Mining Industries 
Laborateries. His work on liquid-phase oxidation of hydro- 
carbons earned him his doctor's degree at the Sorbonne, Paris, 
in 1954. 

Dr. Ruth Blumberg obtained her Ph.D. (Chemical Engineer- 
ing) at the Columbia University, N.Y. Since 1954 she has been 
the senior research chemist in charge of the inorganic research 
group in I.M.I. 

Dr. A. Alon obtained his Ph.D. (Pharmaceutical Chemistry) 
at Palermo University. He joined Israel Mining Industries in 
1954, with whom he now occupies a managerial post. 

* Covered by patents. 
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Fig. 1. The I1.MJ1. Phosphoric Acid Process. (1) HCl 
storage tank; (2) rock phosphate silos; (3) conveyor 
belt; (4) agitated digester; (5) dilution vessel; (6) 
decantation thickener; (7 and 7a) washing thickeners; 
(8) dissolution liquor storage tank; (9) primary 
extraction unit; (10) unit for elimination of Cat** 
from extract; (11) acids/solvents washing separator; 
(12) first distillation unit (separation of dissolved 
alcohol); (13) distillate condenser (alcohol); (14) 
second distillation unit (concentration of phosphoric 
acid); (15) distillate condenser (aqueous hydrochloric 
acid); (16) phosphoric acid cooler; (17) phosphoric 
acid product storage; (18) HCl recovery extraction 
unit; (19) steam stripper for recovery of residual 
alcohol dissolved in spent CaClz brine; (20) distillate 
condenser (alcohol); (21) alcohol/HCI mixing tank. 


tests have been carried out for all operations. The process 
entails only well-known unit operations, and no special 
mechanical features are involved. Prolonged pilot plant 
runs simulating full-scale plant conditions proved that 
mechanical solvent losses could easily be held to less than 
0.1% of the throughput, and that inherent losses are neg- 
ligible. It can be safely assumed that in industrial plants, 
where surface to volume ratios are smaller than in the 
pilot plant, solvent losses will certainly not be greater. 
However, if in some particular case mechanical losses 
should be inadvertently higher, this will not affect costs 
materially, provided the losses remain of the same order. 
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Corrosion resistance of construction materials was 
studied under operating conditions and suitable materials 
have been selected. Preliminary engineering and economic 
studies have been made for various sizes of production 
units and the process is now ready for industrial applica- 
tion. ¥ 


Raw Materials 

Poor phosphate ores can be used in the I.M.I. process 
without undue complication, although high-grade ores are 
obviously preferable. 

Engineering work and economic studies have been based 
mostly on 30% hydrochloric acid and high-grade rock, 
e.g., Moroccan phosphate, the composition of which is 
given below. If the HCI and the phosphate rock available 
permit the preparation of concentrated dissolution liquors 
(see “Description of Process” below) only one solvent is 
used in the extraction and the flowsheet is particularly 
simple (see Fig. 1). When poorer phosphates (e.g., Oron 
(Israel) phosphate, the composition of which is given 
below) are used, or only dilute (e.g., 20%) hydrochloric 
acid is available, the dissolution liquors obtained are more 
dilute and a greater quantity of CaCh-brine has to be 
separated from the phosphoric acid. This is achieved with- 
out undue complication by the introduction of an auxiliary 
solvent (a hydrocarbon). 

Experimental and engineering data are available for pre- 
paring economic studies for particular combinations of 
raw materials. 

















- Moroccan Oron (Israel) 
” Phosphate Phosphate 
P.O; 33.7 28.5 
CaO 50.4 52.0 
F 3.8 3.5 
COs 4.6 10.0 
RoOs; 0.4 0.5 
SiO» 3.8 1.5 
MgO traces 0.4 
Cl 0.2 0.6 
SO, 1.2 2.4 
Organic matter 1.9 0.2 
Solvents 


The solvent used is n-butyl or i-amyl alcohol, depending 
upon the purity of product desired, the nature of the 
starting materials, the cost of fuel, and so on. An auxiliary 
solvent such as a light hydrocarbon or a petroleum frac- 
tion may or may not be required. There are no particular 
requirements as to the purity of these solvents and com- 
mercial grades are acceptable. 


Quality of Product Phosphoric Acid 


The acid obtainable contains 80% H;PQO,, equivalent to 
58% P.O;, compared to 42% P.O; from the conventional 
wet process. This acid is a lightly coloured liquid much 
purer than the regular wet process product. The following 
is a typical analysis. 


H;PO, 80 os Zn 0.09%, Fe 
V 0.004%, Cu 0.009%, Cr 0.007%. 


Cl- and F~ are removed in the distillation, while Ca** 
is eliminated partially or completely according to the num- 
ber of stages used in the pre-wash. Without such an 
auxiliary wash for Ca*+* removal, the maximum Ca++ 
content of 80% acid is 0.3%. It is clear that an acid of 
such high concentration and purity lends itself to economic 
transportation and to economic utilisation in most fields of 
H;PQ, consumption. High-grade phosphatic fertilisers, 


0.03%, As< 0.005%, 
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potassium and sodium phosphates, absorption of ammonia 
in steel plants and phosphatising are some of the fields in 
which this phosphoric acid can directly replace thermal 
acid. 


Description of Process 


A typical flowsheet is presented in Fig. 1. The opera- 
tions can be divided into three main groups: dissolution, 
extraction, separation of acids and solvent recovery. 


(1) DiIssOLUTION 

The rock phosphate is contacted with aqueous hydro- 
chloric acid in agitated digesters. Part of the hydrochloric 
acid is recycled from distillation, part being taken from 
the HCl storage. The dissolution liquor passes from the 
digesters through a dilution tank to a decantation 
thickener. The undissolved tailings are washed in thickeners 
and pumped to waste. The overflow from the washing 
thickeners is used for the dilution of the digestion liquor. 
The decanted dissolution liquor constitutes the feed to the 
extraction section. 


(2) EXTRACTION 

The dissolution liquor is contacted in a series of mixer- 
settlers in counter-current with the organic solvent which 
contains free HCl. All of the H;PO, together with part of 
the HCl passes into the solvent phase whilst CaCl and 
the balance of the HCI remain in the aqueous phase. 


(3) SEPARATION OF ACIDS AND SOLVENT RECOVERY 

By a series of operations comprising counter-current 
water wash, distillation and extraction of residual HCl 
from spent brine by means of the washed solvent, phos- 
phoric acid of 80% concentration is obtained from what is 
essentially a closed cycle continuous operation. Calcium 
chloride effluent, after stripping, to recover residual 
alcohol, is pumped to waste. 


Construction Materials 

All operations of dissolution, extraction and washing 
are carried out in simple equipment lined with rubber or 
P.V.C. Only in the special case where an auxiliary solvent 
(a hydrocarbon) is used is it advisable to use impregnated 
resinous linings for those parts of the process which come 
into contact with the hydrocarbon. In the case of calan- 
driae in the reboilers and condensers of the distillation 
plant, impregnated graphite appears to be the most 
suitable material. 


Economics of the Process 


The figures given below can serve as a basis for a first 
estimate of investment and direct operating costs. 








Investment US $ per metric ton 

P,O;/ year (15-30 tons P20;/day) $100-80 
HCI (100%) (kg/ton P2Os) 1800-2000 
Solvent alcohol (kg/ton P2Os) 5 
Water process (m*/ton P2Os) 18 
Water cooling (m*/ton P2O;) 200 
Power (kWh/ton P:O;) 150 
Steam (kg/ton P.O;) 6000 
Labour (manhour/ton) 8 
Final product, HsPO,, % concentration 80 
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In the manufacture of Prolite tungsten-carbide 
tools, Murex Limited use Birlec adsorption 
dryers to remove water vapour from their 
electrolytic hydrogen supply. 

The hydrogen is dried to a dew-point of minus 
70°C for use in the reduction and sintering 
furnaces and the high quality of the product 
depends on the stringent moisture control. 

Birlec moisture adsorbers are available in a range 
of standard sizes for varied industrial applications 
including the drying of compressed air and the 
dehumidification of factories and stores. 
Illustration above:— 

Birlec adsorbers for hydrogen drying. 
Illustration right:— 

Electrolytic hvdrogen plant at Murex Limited. 





ADSORPTION DRYERS 


DRY AIR & GASES 





DRYER DIVISION OF 


BIRLEC LIMITED 


An A.E.1. Company 
ERDINGTON + BIRMINGHAM 24 
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HE determination of tray efficiency has for many years 
been an acute problem in the design of bubble-cap 
towers. In the past it has been the practice to base pre- 
dictions on previous columns on duties of a similar nature, 
or to use empirical correlations such as that presented by 
O’CONNEL, combined with intuitive judgment. 

In order to study the fundamentals of system properties 
and tray design which might affect the efficiency of a 
bubble-cap tray, the Research Committee of the American 
Institute of Chemical Engineers initiated a general research 
project early in 1952. The results of this large group effort 
are summarised, analysed and collated in this comprehen- 
sive report. 

Much of the work described has already been published 
in various references. This final report is a collation of all 
these sources in one volume, which, together with further 
material, is used to develop a general method of predicting 
tray efficiencies. This method is outlined in a concise and 
clear manner in the original paper by, COLBURN, GERSTER, 
and PyLe, presented at the 4th World Petroleum Congress, 
Section IIIB, paper 2. 

The gas-phase efficiency is determined by tests using 
ammonia and water for the tray design envisaged. The 
tray performance, expressed as a number of gas transfer 
units, is then corrected for the physical properties of the 
new system by using the root Schmidt Number for the 
vapour in this system (see GERSTER, BONNET and Hess, 
Chem. Eng. Prog.,-1951, 47, 523 and 621. 

The liquid phase efficiency is determined by desorption 
tests using oxygen and water for the tray design envisaged. 
The liquid phase diffusion rate K, @ is found, expressed 
as reciprocal seconds. This factor, multiplied by the liquid 
residence time on the tray, gives directly the number of 
liquid transfer units. This value is then corrected for 
physical properties of the new system by using the root 
of the liquid diffusion coefficient (see Foss and GesTER, 
Chem. Eng. Prog., 1956, 52, 283). These two values, NG 
and NL, are then combined by the equation given by 
PicForD (“Absorption and Extraction”, McGraw Hill) to 
give Eoc, the point efficiency. 

The eddy diffusivity of the liquid on the tray is then 





*A summary of a final report by the A.I.Ch.E. Research Committee 
25 West 45 Street, New York, 36, New York 
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Gas absorber, butane and pentane 
columns on gas separation unit at 
the Shell Chemical Plant, Stanlow, 
Cheshire. 


TRAY EFFICIENCIES IN 
DISTILLATION COLUMNS 


A method of predicting this important 
property is presented in a recent research 
report reviewed for “British Chemical 
Engineering”’ 


by B. J. ROBIN, B.Sc., M.I.Chem.E. 


calculated, and from this a Peclet Number is found. In 
this way, using the Peclet number, m’/L, and the point 
efficiency, a value of Ey, the MURPHEE vapour efficiency, 
can be predicted (see Foss, PIGFoRD and GERSTER, A./.Ch.E., 
J., 1958, 4, 231. The resulting tray efficiency is then cor- 
rected for entrainment by the CoLBURN equation. 

In the method given in the report, equations are pre- 
sented for calculating the number of liquid- and gas-phase 
transfer units directly for a given design, thus eliminating 
the necessity for direct tray testing. These equations are 
shown to hold for a number of different tray designs, and 
the limitations are given. The method is applied to 
efficiency prediction for two systems, both organic, on a 
large-scale experimental column. It is shown to give satis- 
factory results for both systems, one being gas-film con- 
trolling and the other liquid-film controlling. The effect 
of column pressure from vacuum (7 psia) to 100 psig is 
shown to be accommodated. 

The method has further been checked on four industrial 
columns, showing satisfactory agreement, including a multi- 
component system. The method is optimistic by 15 to 20% 
in one further case, but it is thought that non-uniform 
liquid flow on the trays employed could account for the 
difference. 

In one of the industrial cases the predicted efficiency 
for an extractive distillation column is satisfactory for a 
13-in. column, but is high for the full-scale 13-ft column. 
It is felt that this is due to the large-scale design giving 
inadequate gas/liquid mixing on the large-scale tray and, 
in particular, poor gas distribution. 

A convincing case is made for the application of this 
prediction method to cross-flow trays. In those cases where 
the method is not accurate, it is claimed that the hydro- 
dynamic design is at fault, rather than the design method 
itself. The prediction of organic tray efficiencies from 
ammonia/water and oxygen/water results is particularly 
impressive. 

Test results are given in tabular and graphical form for 
12 different types of bubble-cap tray employing rectangular 
caps, and round caps of 1.5, 3.0, 4.0, and 6.5 in. diameter. 
These results are condensed into final equations for pre- 
diction of Ng and N,. Comparisons with industrial columns 
are made in considerable detail, and the method of pre- 
diction calculation is clearly shown in each case. 
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People who pride themselves on their good equipment 
speak of ENSECOTE in a personal way. ENSECOTE protective 
plastic linings can be applied almost anywhere to almost Be 4 oy fl Cc oO i | oa 


anything. They are easily cleaned and sterilised, 
Lithcote PLASTIC LININGS 


completely odourless, tasteless—and economical to 


install because larger vessels can be lined on the spot. For literature and technical advice write to: 
ENSECOTE is particularly useful, too, for renovating glass NEWTON CHAMBERS AND CO., LTD. 
lined tanks. The Dairy, Brewing, Paper and Chemical THORNCLIFFE, NR. SHEFFIELD, ENGLAND 


Agents in Belgium, France and Holland : 
FOURS LECOCQ ET ATELIERS DE TRAZEGNIES 
REUNIS, SA., TRAZEGNIES, BELGIUM 


Industries—and all who own rail and road storage tanks 
—will find ENSECOTE invaluable as a protection against 





wastage due to deterioration. 
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COMPRESSIBILITY FACTORS FOR PROPYLENE 


by D. S. DAVIS 


(Head, Department of Pulp and Paper Technology, University of 
Alabama) 


The accompanying line co-ordinate chart, constructed by means of methods 


2Oo— described previously’ and based upon recent data,* enables ready and accurate 
determination of compressibility factors for propylene when the temperature and 
“ pressure are known. The broken line shows that the compressibility factor for 
propylene is 0.9875 when the temperature is 140°F and the pressure is 1.30 
atmospheres. 
a REFERENCES 
avis, D. S. ‘“‘Nomography and Empirical Bqnwicns”, Chapter 10, 
_ Reinhold Publishing Corporation, New York, 1955. 
* Pfennig, H. H., and McKetta, J. J. Pet. Ref., 1957, 36, 11, 309. 
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Ammonia Synthesis Plants have almost reached the package 
stage with CHEMICO. Over the last 40 years CHEMICO 


has designed and constructed 60 plants ranging in capacity from 5 





to 450 tons per day. Skill and know-how, increased 
with each plant, assure our clients of economical and dependable 


plants. Today, CHEMICcO-designed plants are profitably 


supply. Along with the proven performance and many other 
advantages of a CHEMICO ammonia synthesis plant it is good 


to know buying the plant from CHEMICO costs less. 





CGHEMICO 


CHEMICAL CONSTRUCTION (G.B.) LIMITED 


9 Henrietta Place, London, W.1 Langham 6571 
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Header Tank 


A SIMPLE CONSTANT head tank suit- 
able for low rates of discharge of acid 
and which can be replenished auto- 
matically is readily constructed from 
plastic material such as perspex and 
polythene. In essence, the inlet valve 
is a float control valve. The float can 
be made from pieces of perspex 
cemented together, or a standard poly- 
thene float screwed to a polythene rod 
may be used instead. The perspex 


supports for the float arm are nylon 
bushed to take the arm spindle and 
are cemented to the base and one side 
of the perspex tank. The inlet valve 
has a nylon guide over which a rubber 
bung is threaded. The position of the 
latter is adjustable; the seating con- 
sists of a piece of perspex tubing 
ground flat at its upper end. An 
alternative design would place the 
inlet tube in a horizontal position 
facing away from the float, the valve 
arm on the float side of the pivot, and 
would allow the arm to produce a 
lateral movement of the valve plug, 
which would then interrupt the feed 
or allow it to proceed. 





FLOAT 





PLUG 








GUIDE 


FEED 


DISCHARGE 








a 
VALVE PLUG & GUIDE 


Separator for immiscible Liquids 


THIS TYPE OF SEPARATOR is useful 
when one liquid, such as water, is 
contaminated by a heavier liquid, such 
as carbon tetrachloride, present in 
small quantities and when at the same 
time floating matter, either liquid or 
solid, is present or when a scum has 
formed. Unlike the conventional de- 
canter, in this case the heavier 
material is not removed continuously, 
although if this is desired, through a 
greater accumulation of the heavier 
liquid than expected, the addition of 
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FLOATING MATTER 
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a separate overflow at a level below 
that of the draw-off shown in the 
sketch would make this possible. The 
lighter liquid is withdrawn through a 
connection dipping well below the 
surface and whose horizontal run into 
the external pipework loop corre- 
sponds to the normal operating level. 
The overflow shown in the far com- 
partment is used only when the 
accumulation of floating matter is to 
be removed and collected elsewhere. 
The valve fitted in the branch normally 
used is then closed and the main liquid 
discharge is made to take the 
alternative path. This sets up a higher 
liquid level in the tank and this level 
is arranged to be fractionally higher 
than that of the weir. Floating matter 
therefore flows over the weir and out 
through the connection shown at the 
far end of the tank. When all the 
floating matter has been removed, the 
valve can be opened and normal 
operation resumed, The heavy liquid 
may be removed periodically by drain- 
ing from the base of the tank. 


Constant flow by 
Floating Syphon 


A CONTINUOUS PROCESS required a 
slurry to be pumped from one stage 
of the process to the next at a con- 
stant rate by means of a centrifugal 
pump. The discharge from the vessel 
preceding the centrifugal pump was 
variable, the variations amounting to 
+25% of a mean flow rate, and for the 
stage to be fed by the pump a varia- 
tion greater than + 5% could not be 
tolerated. The size of the feed tank 
above the pump suction was limited 
by the settling properties of the slurry; 
consequently, the head variations were 
sufficient to upset the delivery of the 
pump beyond the desired limits. 

A floating syphon feed was there- 
fore proposed to provide a constant 
flow to the pump irrespective of head 
conditions within the feed tank. 

The improvisation shown makes use 
of a plastic raft supported by stan- 
dard plastic polythene floats which are 
adjustable inwards or outwards. The 
discharge end of the syphon fits within 
an enlarged length of tubing connec- 
ted to the pump suction pipework and 
within which it is free to move. The 
syphon strip is constructed of light- 





RIGID PV.C. 
FLOATS 


weight plastic pipework. A guide rod 
(not shown) may be fitted inside the 
tank to ensure that the discharge tube 
does not rub against the walls of the 
receiving tube. 

The floating syphon, although a 
neglected device, has other potential 
applications, for example, as a 
sampler for corrosive liquids in low- 
pressure mains. The theory of the 
floating syphon and methods of sizing 
them are described by Redding.* 


* Redding, T. H. Engineering, May 4, 1956. 
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Reaction Control through Viscosity 


VISCOSITY MEASUREMENT has 
offered a possible means of control- 
ling certain types of reaction; for 
example, in cooking varnishes and in 
some polymerisation processes where 
the desired completion of reaction is 
indicated by a certain value of vis- 
cosity. In this connection close con- 
trol of temperature may be very 
necessary, particularly if the reaction 
is highly exothermic. In such cases, if 
the proper temperature is exceeded, 
the viscosity measurement may be 
meaningless. Such processes employ 
cascade automatic temperature con- 
trol systems. Even where close con- 
trol of temperature is ensured, visco- 
metric methods have not met with 
unqualified success and other methods 
have been tried which depend in- 
directly upon the final viscosity of 
the reaction products in a vessel. 


One method relies upon the in- 
creased load put upon the agitator 
drive when the viscosity reaches the 
desired value. This will be manifested 
by an increase in power consump- 
tion of the prime mover of the agita- 
tor. Advantage may be taken of this 
fact by providing an ammeter con- 
nected to a limit switch in the elec- 
trical supply to the motor. By this 
means when the desired level of vis- 
cosity has been reached the limit 
switch can set into motion a whole 
sequence of events such as the closing 
down of the steam supply, the pas- 
sage of compressed inert gas over the 
reaction products within the vessel 
and the opening of a dumping valve 
at the base of the vessel to discharge 
the contents. 

Instead of the above method, the 
torque on the shaft can be measured 
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directly by means of a strip strain 
gauge. This is readily attached to the 
shaft above the gland on the vessel 
cover and a slip ring fitted to the 
shaft for the electrical connections. 
The torque corresponding to the vis- 
cosity limit can be indicated upon a 
milliammeter and by means of suit- 
able relays the various electrically- 


Plastic Plate Film Absorber 


IN THE MANUFACTURE of sodium 
hyposulphite a packed ceramic tower 
was used for reacting the  sul- 
phur dioxide with sodium sulphide 
solution. In view of the cumbersome 
nature of this apparatus and the 
heavy losses of sulphur in the form 
of hydrogen sulphide and sulphur 
dioxide, a system of plate film 
absorbers (Fig. 1) were installed. The 
absorption plant (Fig. 2) comprises 
two of these connected in series, one 
being placed slightly above the level 
of the other. 

Each absorber consists of a hori- 
zontal cylinder of P.V.C. of 820mm 
diameter and 2000mm long. The 
lower part of the body filled with 
liquid is encased in a metal jacket. A 
P.V.C.-covered metal shaft of 80 mm 
diameter follows the axial line of the 
absorber, and to this are fixed 11 
P.V.C. discs or plates, each of 800 mm 
diameter and having 1200 through 
holes, of which 600 of 12 mm diameter 
are disposed about the periphery of 
the disc and 600 of 7mm diameter 
are near the centre. The shaft rotates 
at 150rpm. The gas capacity of each 
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Fig. 1. Constructional details of plate 
film absorber. 
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pair of absorbers is 1700 cu. m./hr. 
Absorbers of the same design have 
also been installed in a plant for the 
recovery of hydrogen chloride in the 
manufacture of potassium sulphate 
and their capacity is 4500 cu. m./hr. 

The efficiency of these plate absor- 
bers compared with the usual towers 
may be judged from the following 
performance figures from hyposul- 
phite manufacture: 
































Fig. 2. This diagram shows the posi- 
tioning of the two plate film 
absorbers (1) connected in series, one 
being placed slightly above the other. 


Tower Plate 
unit absorbers 
Reaction volume 
a sa 21.5 1.92 
Yield of prepared 
solutions from 
1 cu. m. of reac- 
tants, tons/24 hr. 0.28 3.0 


H2S content in out- 
going gases, % ... 
SO, content in out- 


0.7-1.0 0.05-0.1 


going gases, % ... 0.5-1.2 0.1 -0.2 
Power consumption 
kWh/day ee 20 32 


The principal features of the design 
of the plate film absorbers are shown 
in Fig. 1, where the numbers have the 


actuated control valves can _ be 
operated. 
following significance: 1: outer cas- 


ing (shell); 2: discs or plates; 3: 
shaft; 4: bearings; 5: pulley; 6: gas 
inlet; 7: solution outlet; 8: funnel 
for liquid feed. 


In Fig. 2, which shows the absorp- 


tion plant, the numbers have the 
following significance: 1: plate 
absorbers; 2: gas inlets; 3: spray 


interceptor; 4: collector; 5: fan. 
This absorber was described by 
N. I. Timkin.! 


REFERENCE 
* Khim Promyske, 1957, (5), 52. 





Contributions 
invited 


THE EDITOR invites readers 
to submit, for possible publica- 
tion in “Process Engineer’s Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions preferably 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 
ing to his wishes. 
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Chemicals in South Africa 


A small profit is expected to be made 
by South Africa’s oil-from-coal plant, 
Sasol, at the end of a two-year £3-million 
expansion programme that is to be put 
into effect. During the past year the cash 
deficit on operations has been reduced 
from £2 million to £74,000. In that 
period capital spent totalled £1,100,000, 
so that to date £46,250,000 has been 
spent out of a capital provision of 
£48,000,000. A consolidation scheme is 
under way to bring the various units of the 
factory into balance with a view eventually 
to ensuring the continuous operation of the 
plant. A third reactor will be added to the 
American synthesis plant so that two 
reactors can be kept in operation for 
95% of the available time. Synthesis 
and gas-making capacity of the plant 
will be increased, and a research section 
is endeavouring to gain knowledge of 
the behaviour of the synthesis catalyst, 
to improve the quality of Sasol’s pro- 
ducts and to find new products. Sales 
amount to about £6 million a year. 

Other developments in the chemical 
industry in South Africa include the 
conclusion of the £20-million expansion 
programme for African Explosives & 
Chemicals Industries’ fertiliser plant. In 


1960 the output of nitrogenous fertilisers 
is expected to be more than sufficient 
to meet South African requirements. 
Methanol, formaldehyde and urea will 
also be manufactured at Modderfontein. 
Superphosphate and mixed fertiliser pro- 
ductions have been stepped up and 
Fison’s fertiliser factory at Sasolburg 
(costing £24 million) is also nearing 
completion. A new £2$-million cement 
factory is being built in the Western 
Cape and is expected to begin production 
in July, 1959. Most of the plant is being 
supplied by continental manufacturers. 


Indian Steel and Aluminium 
Production 


The first two blast furnaces of the 
Rourkela and Bhilai steel plants, India, 
were declared open at ceremonies on the 
sites recently. At the Rourkela plant 
successful tests had been carried on for 
a week, during which about 300 tons of 
pig iron was produced daily. Steel ingots 
will be produced by new oxygen blowing 
processes being installed by India for the 
first time. A gas plant is expected to go 
into operation by the end of the year. 
The steel works is being set up with the 
assistance of West Germany. 





The plant under construction at Bhilai, 
is 156 miles from Nagpur on the main 
Bombay-Calcutta line. It will have three 
blast furnaces, each with a capacity of 
producing 1135 tons of pig iron per day. 
Steel making at this plant will be done 
by the conventional open-hearth process 
in six furnaces of 250 tons each. It will 
be equipped with a sintering plant and 
with facilities for high top-pressure. 

The Indian Aluminium Co. has in- 
augurated a new aluminium smelter 
which more than doubles India’s capacity 
for the production of primary aluminium. 
It has an annual capacity of 11,200 tons 
of aluminium. 


Hungarian Factory for Caprolactam 


The first Hungarian factory to produce 
Caprolactam, the starting material for 
the manufacture of nylon 6 type of 
polyamide synthetic fibre, was completed 
towards the end of 1958 and recently 
commenced production. The new plant 
handles a total weight of material of 
20,000 kg an hour. 

The plant is said to be highly instru- 
mented and the values of 300 different 
variables are measured and recorded at 
frequent intervals as part of the system of 
process control. The design of the plant 
and its commissioning were carried out 
jointly by the Research Institute of the 
Organic Chemical and Synthetic 
Industries, Budapest, the Office for the 
Planning of Chemical Works and the 
Hungaria Chemical Works. 


$3 MILLION FURNACE CARBON-BLACK PLANT FOR AUSTRALIA 


The first carbon-black plant to be 
established in the southern hemisphere 
is being built at Altona, Melbourne, 
Australia, for Australian Carbon Black 
Pty. Ltd., and it is expected to be com- 
missioned by mid-1959. Co-operating in 
the project are Godfrey L. Cabot Inc. 
and the United Carbon Co. of U.S.A. 
$3 million are being invested on the plant 
and £750,000 spent locally on component 
parts, and the installation has been 
designed to produce “75% of the require- 
ments of carbon black for tyre making 
in Australia”. It is expected to save the 


country £1 million annually in foreign 
exchange on the 16,000 tons of the pro- 
duct now imported. The furnace process 
will be used, in which the raw material, 
heavy oil, derived from the heavier frac- 
tions of oil refining processes, is burned 
in enclosed furnaces at high temperatures 
The product of burning is a a light- 
weight mass of flocculent carbon which 
is cooled and centrifuged by cyclones to 
more manageable size. It is filtered and 
then pelleted on horizontal drums. The 
waste gases containing carbon monoxide 
will be burned in a waste heat boiler 


and the sulphur dioxide also will be 
removed. The bags in the filter system 
are made from fibre glass yarns, and they 
can be safely operated, Australian Car- 
bon Black say, at 475°F. They are used 
constantly at between 400 and 450°F in 
the Cabot carbon-black plants. The bags 
are set in six or seven compartments, 
each of which can be isolated by a 
damper for cleaning with clean, hot tail 
gas, or replacement in cases of failure. 
The whole production and pelleting 
process is enclosed, a precaution that 
ensures the cleanliness of operations. 
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a 
step 
forward... 


with Spence organic titanium compounds. 
These Spence products find many 
applications in the paint and printing 
industries, in silicone compositions, as 
promoters of adhesion between a wide 
variety of materials and as waterproof- 
ing agents for textiles. 

For further information and samples 
write to Spence Product Development 
Department. 


organic 
titanium 
compounds 


BRENGE 


PETER SPENCE & SONS LIMITED, WIONES, LANCS. 
Also at London, Bristol and Glasgow. 
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Nomograms for Chemical Engineers 

by O. P. Kharabanda 

With a foreword by Sir Harold Hartley, F.R.S. 
Heywood & Co. Ltd., London, 1958, 247 pp., 80s. 


HIS volume contains about one 

hundred nomograms collected from 
the published literature. Approximately 
half of them relate to physical proper- 
ties of substances. Most of the other 
half are concerned with unit operations 
of chemical engineering. The standard of 
production is excellent. The nomograms 
can be read and used with ease. The 
original sources of data are clearly 
stated. 

Any selection can be the subject of 
criticism. But one may legitimately ques- 
tion whether the nomogram chosen for 
logarithmic mean temperature difference 
is preferable to the nomogram published 
by THORNTON in 1931 and reproduced for 
many years in “Technical Data on Fuel”. 

The publication of “Nomograms for 
Chemical Engineers” is to be welcomed 
not only for its practical utility, but also 
because it should help to create increased 
interest in the intrinsic merits of nomo- 
graphy. Nomography is now widely used, 
but it is surprising how many years were 
required for it fo achieve popularity. As 
Dr. KHARBANDA points out in his preface, 
D’OcaGne’s first book on nomography 
was published in 1891; he had previously 
published papers in various French 
scientific journals. He presented a paper 
on the subject at the International 
Mathematical Congress held in connec- 
tion with the World’s Columbian Expo- 
sition in Chicago in 1893—an early in- 
troduction of nomography into the 
U.S.A. 

D’OcaGne’s “Traité de Nomographie” 
(1921) lists many early books on nomo- 
graphy in various languages, such as the 
following: German (Leipzig, 1900), 
English (Madras, 1907; New York, 1912; 
Woolwich, 1913), Arabic (Cairo, 1908), 
Spanish (Madrid, 1910), Dutch (Rotter- 
dam, 1901), Italian (Leghorn and Rome, 
1901), Polish (Lemberg, 1994), Rumanian 
(Bucharest, 1900) and Russian (St. 
Petersburg, 1906). Lipka’s “Graphical 
and Mechanical Computation”, which 
was published in New York in 1918 
(Dr. KHARBANDA’S preface gives the date 
of 1921 which presumably refers to a 
later edition) contains an excellent ac- 
count of the principles and uses of 
nomography. In the preface to his book, 
LipKa states that “among the charts 
devised (for lessening the labour of 
computation) none is so rapidly con- 
structed nor so easily read as the charts 
of the alignment or nomographic type”. 
He also states that the book “embodies 
a course given by the writer for a num- 
ber of years” at the Massachusetts 
Institute of Technology. 

But there seems to have been a long 
“induction period” before nomography 
began to make any noticeable impact 
on chemical engineers. In 1941 (fifty 
years after the appearance of D’OCAGNE’S 
book) MYLLYNEN and Davis published 
“A Bibliography of Chemical Engineer- 
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ing Nomographs” which was “an attempt 
to cover the quarter-century ending June, 
1941, as completely as possible”. The 
following figures have been obtained by 
classifying the references in this biblio- 
graphy into five-year periods. 


Number of 
Period references 
1916-20 ... oor hd 18 
1921-25 ... be oon 25 
1926-30 ... ~ ata 87 
1931-35 ... ae a 167 
1936-40 214 


MYLLYNEN and Davis’ bibliography is 
by no means complete. (For instance, it 
does not include nomograms published 
by this reviewer in The Chemical Trade 
Journal and Chemical Engineer in 1925 
and in the Transactions of the Institu- 
tion of Chemical Engineers in 1932.) But 
the above figures may reasonably be 
regarded as showing the rate of develop- 
ment. Why was the development so 
slow? One can but speculate. Perhaps 
the explanation lies in the suspicion, 
verging on contempt, with which so 
many chemical engineers at one time 
regarded anything mathematical. 

A. J. V. UNDERWOOD 


Investment in Innovation 
by C. F. Carter and B. R. Williams 
Oxford University Press, 1958, 167 pp., I5s- 
[8 order to maintain and increase the 
nation’s standard of living, large sums 
of money must be spent on industrial 
plant and machinery. Significantly, nearly 
half the annual expenditure under this 
heading is for equipment incorporating 
new scientific and technical knowledge. 
The background to the vital decisions to 
invest—or not to invest—in new types 
of plant is the subject of a study, “In- 
vestment in Innovation”, covering a 
number of firms and public corporations. 
An earlier report, “Industry and Tech- 
nical Progress”, by the same economist 
authors, dealt with all the stages in the 
circuit from laboratory to consumer; the 
present book enlarges on one particular 
stage, that of decision-making. 

The report examines not only econo- 
mic yardsticks, such as expected yields, 
which influence decisions to invest: all 
important psychological factors — un- 
certainty, power and _ prestige, for 
example—are also explored. Theoretical 
studies on investment usually ignore 
these non-economic factors, or assume 
them and consequently appear unreal. 
The authors point out that, although 
uncertainty exists when predictions are 
made, the problem is how to reduce 
them. While physical uncertainty can be 
reduced by research and investigation, 
human uncertainties are more intangible 
and therefore more difficult to deal with. 

In an examination of the motives for 
making investment decisions, it is shown 
that profit making does not necessarily 
predominate. Evidence is given of top 
managers who are reluctant to embark 
on new investment programmes: as they 
are salaried, they have little to gain from 





greater profits but much to lose if their 
plans are unsuccessful. Or, to take 
another example, many family firms will 
refrain from extending their plant, des- 
pite the promise of greater profit, if they 
fear loss of control through obtaining 
outside finance. The influence of other 
than economic motives to limit invest- 
ment varies from one industry to 
another. In sections of the chemicals 
industry and others making products of 
recent origin, or using modern methods, 
the economic pressure is strong: the 
rate of technical change is high as a 
condition of survival. 

It is interesting to look at the per- 
formance of the chemicals industry 
against the background of the authors’ 
remarks. Investment is higher than in any 
other industry—higher indeed than in 
the engineering, shipbuilding and elec- 
trical industries combined. The effect on 
productivity is startling; whereas manu- 
facturing output per man* as a whole 
has increased by 25% since 1948, in the 
chemicals industry the increase is 58%. 

The authors make an analysis of the 
reasons why firms spend money on par- 
ticular projects. In a sample of 200 
“Innovations”, 33% were set up as a 
result of successful trials in other 
industries and countries, while only 18% 
were the direct result of company 
research and development. Studies were 
also made of the expected yields of new 
plant (which varied between firms from 
4% to 46%) and the returns which 
varied even more widely from nil or a 
loss to 50%. Some of the reasons for 
the unreliability of estimates are un- 
foreseen changes in demand, changes in 
the price of competing products and low 
estimates of the cost of the plant. 

Finally, who will read this book? 
Clearly it is of direct interest to 
managers of research and development, 
and to all concerned with investment 
decisions. Despite the limitation that 
source material was drawn from a rela- 
tively small sample of business enter- 
prises, the report spotlights the complex 
factors which govern decision-making in 
this vital field. Students of management 
will be interested in the realistic way 
the authors draw on different disciplines 
—technology, economics. psychology—to 
relate practice with theory. But this 
report not only gives a number of 
examples from industry. It repeatedly 
emphasises a theme that can hardly be 
overstated: Problems of industry are 
not just scientific—they are also human 
ones. 


J. P. FREYNE 
* Treasury Bulletin for Industry, April, 1958. 


Mathematics for Engineers, Part 2 

by W. N. Rose 

Fifth edition revised. 

Chapman & Hall, London, 1958, 403 pp., 25s. 


UDGMENT of future usefulness of 

an old and faithful friend is ever 
tempered by considerations of past 
worthiness. The first edition of this 
familiar book appeared nearly forty 
years ago. Although the recent fifth edi- 
tion has béen somewhat enlarged, it still 
preserves the form and character it had 
at its birth. Its object then was to “em- 
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Nothing in nature X< 
works harder than 
the heart. Today and 
every day, your 
heart will pump 8 tons 
of blood through liter- 
ally thousands of miles 
of tubes—yet it is no 
bigger than your fist. 
Considering their remarkable performance, some 
of our Metering Pumps are relatively small and 
compact. They are astonishingly versatile, too. 
In our Metripump range, for example, there 
are models fitted with steam jacketed pump 
heads, high pressure liquid sealed glands, or 
pump heads made in special materials, 

where the length of stroke can be 

varied from zero to maximum, either 
whilst the pump is in operation or at rest. 
And every model backed by a first-rate 

After-Sales service. Our Sales 

Representatives can service on the 
spot any pump in our range. We are 
sure that our Publication 101 will 
interest you. Ask us for a copy. 






























Mekering @~ 
PUMPS (. is 
Linmitec! 


21, The Mall, Ealing, London, W.5. Teleph : EALing 4024 (PBX) 
Telegrams: Metripumps, London, W.5 
Cables: Metripumps, London. 





April, 1959 








[BCE 5076 for further information 


Stain iess 
Steel ... 


tanks, coils and pipework 
by 


eninsons 







Complete 
pipework 

installation in 
Stainless Steel 


fabricated and erected 
on site by JENKINSONS. 


Also fabricated and 
erected on site by JENKINSONS, 

Stainless Steel ducting 9ins and 18ins dia. 
with special smooth finish both internally, to 
minimise friction losses, and externally, to 
improve corrosion resistance. 


W. G. JENKINSON LTD. 


ARUNDEL STREET; SHEFFIELD I. 
Phone 27438/9 
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Book RevieWS continued 





brace all the mathematical work needed 
by engineers in their practice, and by 
students in all branches of engineering 
science”. It was an early attempt to 
bridge the gulf between the apparently 
different worlds of mathematical abstrac- 
tion and engineering practice. In the light 
of current controversy about the place 
and teaching of mathematics in contem- 
porary society, this must be accepted as 
a worthy aim. 

The second volume deals with dif- 
ferential and integral calculus. Simple 
explanation of the concepts and algebra 
of differentiation and integration is fol- 
lowed throughout by examples and exer- 
cises from the general field of engineer- 
ing. Rates of change and limiting values 
are introduced easily, using graphical 
representation where needed. This leads 
without effort to derivatives, the rules 
of differentiation and applications of 
differentiation to maxima and minima 
and expansions of functions in series. 
Summation and integration are treated 
in a similar way. Areas, volumes, cen- 
troids, centres of gravity and moments 
of inertia are then dealt with separately. 
To complete the calculus content, there 
are chapters on simple differential equa- 
tions and simple harmonic analysis. A 
separate chapter is given on applications 
to thermodynamics, hydraulics, materials 
and applied electricity, in addition to the 
deliberate choice all through the book 
of examples and exercises drawn from 
these subjects. Finally, there are chapters 
on spherical trigonometry and mathe- 
matical probability. 

The style throughout is straightfor- 
ward and explanation is amply expanded 
where the author thinks it helps most. 
The sequence of the chapters is logical 
enough. One would, however, wish for 
the appearance- of mathematical text- 
books which could afford space for more 
distinctive minor headings, less cramped 
pages and fewer but more pleasing styles 
of printing. 

Does this book still embrace all the 
engineer needs to know? Perhaps the 
answer lies in the apparently alien last 
chapter on mathematical probability. 
Forty years ago this must have seemed 
mildly prophetic. Today most sciences 
increasingly treat our world in probabilis- 
tic terms. The chemical engineer is not 
immune from this, He may well have to 
extend his basic mathematical needs 
beyond the calculus into the area of 
mathematical statistics. Perhaps then will 
be seen a metamorphosis in “Mathe- 
matics for Engineers”, with the last 
chapter sweeping backwards to swallow 
up much of the explanation of the cal- 
culus. This assumes that mathematics 
will indeed be acquired by all as a 
language before any attempt is made to 
specialise in applied sciences. 

This seems to be a long way off; the 
old and faithful friend is going to be 
needed in his familiar form for some 
years to come. 

L. T. Hems 
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Water Power Engineering 


by Role Hammond 
Heywood, 1958, 302 pp., 50s. 


[® his preface the author of this book 
expresses the hope that it will appeal 
equally to the student, the young 
engineer and the established practitioner 
of ripe experience, He is most successful 
with the last named. For the man who 
knows the fundamentals and has his own 
experience into which he can fit new 
ideas, the book is admirable. The survey 
is broad and the information is detailed 
—sometimes too detailed for a technical 
book—but the author seems to fall 
between two stools: the presentation of 
principles and the description of hydro- 
electric schemes. At the former he is not 
highly successful, which explains why the 
book is not outstandingly suitable for 
students, but in the latter field there is 
a great wealth of data which might well 
be of considerable value to the young 
or the established engineer. 

The student who wants to know, for 
general information, what the subject is 
all about will be well rewarded, but 
the book does not teach. For example, 
what will be made of “taintor gates”, 
“inverts”, “buswires”, “fish hecks” and a 
host of other technical terms no doubt 
all very familiar to experts in the field but 
quite unfamiliar to a student. He would 
do well, too, to beware of some of the 
formule and figures. For example, there is 
an error of ten times in the formula on 
page 4, and on page 7 the cost of energy 
should surely be one franc per kilo- 
watt-hour and the potential capacity in 
kWh should probably be per annum. 
Confusion between power and energy 
is common enough in technical writing 
but it is inexcusable, especially in a 
book addressed to students. 

The book is very well illustrated by 
both diagrams and half-tones and there 
are some particularly good pictures of 
Francis and Kaplan turbines. Whether 
it is wise to try to include within the 
same covers minor details of types of 
electrical insulation and sizes of blasting 
charges for tunnels seems doubtful, but 
at least the reader cannot say that the 
author only tells half the story. He has 
obviously a remarkably detailed know- 
ledge of all phases of hydro-electric 
engineering, but he surely cannot expect 
us to swallow the statement that the 
generation of power from falling water 
is a comparatively recent development— 
generation of electricity perhaps, but not 
generation of power. 

H. G. TaYLor 


Zone Melting 
by W. G. Pfann 


John Wiley & Sons Inc., New York, and Chap- 
man & Hall Led., London, 1958, 236 pp., 60s. 


Y pusntons melting is an example of that 
comparatively rare event in chemical 
engineering, a new unit operation. The 
technique of purification by crystallisa- 
tion, of course, is not new but the pas- 





sing of a molten zone through a long 
crystalline solid concentrating the im- 
purities in this zone is an entirely new 
development, first used to produce ger- 
manium crystals of great purity for 
transistors. The first paper discussing 
zone réfining was published in 1952, and 
since then over 100 papers have ap- 
peared amplifying various aspects of the 
technique. 

The present monograph—the first in 
the field—opens with a discussion of 
the specialised terminology, then goes on 
to the theory of zone melting in chapter 
3. This includes the distributions resulting 
from single and multiple passes of the 
molten zone and their precise calcula- 
tion, the ultimate distribution, the effi- 
ciency of zone passes, transport of 
material, the application of phase dia- 
grams and solid-solid phase zone melt- 
ing. Chapter 4 deals with details of the 
techniques and the application of large- 
scale processing methods, while chapter 
5 lists the present applications to purify- 
ing semi-conductor crystals, metals such 
as uranium and zirconium and various 
crystalline chemicals. 

The chemical engineer developing 
large-scale processes will find much 
stimulating material in the chapter on 
continuous multi-stage processes. These 
are largely unused applications of zone 
refining techniques. Other chapters deal 
with growing single crystals, the produc- 
tion of crystals with abrupt changes in 
composition and temperature gradient 
zone melting. 

Only small-scale applications of zone 
1efining are in use at present, but a pos- 
sible large-scale application mentioned 
in the book is in the purification of sea 
water which is at present being investi- 
gated by the United States Department 
of the Interior. An inherent advantage of 
the zone refining over distillation pro- 
cesses is that the latent heat of fusion 
of a crystal is much smaller than the 
latent heat of vaporisation of the liquid. 
In the case of water-ice, it is 1436 cal./ 
mole, while for water-steam it is 9729 
cal./mole—a factor of 6.8. Similar argu- 
ments may be applicable to the purifica- 
tion of petrochemicals, solvent extraction 
or crystallisation on a large scale. 

W. SrrRauss 


A Dictionary of Named Effects and Laws 
by D. W. Ballentyne & L. E. Walker 
oo & Hall, London, 1958, 205 pp., 


IRST impressions of this book are 

of a fascinating memory-refresher, 
particularly for those whose student days 
are long past. Unfortunately, Cerenkov’s 
Nobel Prizewinning drew attention to 
the absence of his effect from the list. 
Wigner Release is also not mentioned. 
There is a useful appendix of units based 
on names, but this is not stated at the 
front of the book. What is in confirms 
one’s first impressions, though many will 
wish to score points on the effects that 
got away. This is certainly a useful refer- 
ence book, but would the authors 
consider adding in later editions named 
dimensionless groups? 

IB. 
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DENSO fer ssptie: 
structures 
SIMPLE AS WRAPPING 
A PIPE 


Where severe corrosive conditions are 
such that nothing but DENSO will 
do, the modern tubular structure is 
often employed for the very reason 
that the method of applying Denso 
Tape to the steelwork is literally as 
simple as wrapping a pipe.... and 
equally effective and economical 
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MAKE LIFE EASIER 
with the PRICED 


STAINLESS STEEL 
STOCK LIST 


Look first at the largest and most Comprehensive 
Stock List in the Country. Mill prices 
and foot/Ibs. weights are shown against 

every item. The stock list is revised 

and mailed every sixty days. Write 

or phone for your copy today. 


ANY QUANTITY AT MILL PRICES. 
AID-ARB approved. 















TAYLOR STAINLESS METALS 





BRITAIN’S PRINCIPAL STAINLESS STEEL STOCKHOLDERS. LTD. 
BUCKINGHAM AVENUE - SLOUGH * BUCKS - TEL: SLOUGH 24551 & AT UNION CHAMBERS ‘ 63 TEMPLE ROW * BIRMINGHAM 2 * TEL: MIDLAND 1430 
BCE 5078 for further information 
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Mixer Agitator Drive 

A range of spiral bevel drives, 
whose design is the outcome of a close 
survey of the problems of power trans- 
mission in various types of mixer, are 
now available. The new drive is known 
as the U.K. Mixer Agitator Drive 
and is manufactured in five standard 
sizes and is suitable for closed or open 
vessels, The agitator shaft is an integral 
component of the unit and it provides 
the maximum rigidity and minimum 
deflection between bearings. For this 
reason, long overhung shafts can be 
used at speeds higher than usual without 
approaching the critical or shaft whirl- 
ing speed which can set up excessive 
vibrations and is the cause of most 
mechanical troubles in the operation of 
mixers. The spiral bevel gears ensure 
high efficiency, long life and quiet opera- 
tion. Variable mixing speeds are required 
in some processes, and for this reason 
helical-spur “pick-off” input change 
gears are fitted, and these can be 
changed without removing the drive or 
impeller shaft assembly from the vessel. 
Access is simply gained by removing the 
gear casing without recourse to special 





tools. Only precision spline-mounted 
gears are used. A combined splash and 
pump-fed lubrication system provides a 
constant controlled supply of lubricant 
to the bearings and gears. Oil is retained 
in the gearbox by a Drywell to prevent 
it from running down the shaft into the 
product. All screwthreads used in the 
construction of the U.K. agitator drive 
are unified on the international system, 
and mounting flange sizes are available 
to British and U.S. standards, ex-stock. 
The rugged construction prevents 
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absence of shaft whip at the stuffing box 
or shaft seal and ensures that the pack- 
ing does not act as a bearing with con- 
sequent loss of seal. The range of rpm 
available in one unit is 40 to 200 and 
the horse-power range in the sizes avail- 
able is 5 to 95. Shaft and agitator can be 
supplied in stainless steels, Hastelloy, 
Monel and other metallic materials. 
PVC-clad and lead-clad agitators and 
shafts can also be provided. Stockdale 
Engineering Ltd., Poynton, Cheshire. 
BCE 5135 for further information 





Corrosion-resisting Pipework 

Stainless steel to specifications EN58B 
and ENS58J and a number of other high 
nickel alloys are used in a range of new 
standardised pipe fittings offering advan- 
tages over pipework for corrosive appli- 
cations constructed by normal methods. 
The system consists of a number of 
standard parts in 3-in., 4-in., 6-in. and 
8-in bore fabricated from the above 
materials. The standard fittings include 
most of those required for a pipework 
installation, such as various lengths of 
straight tubing, bends, tees and reducers. 
For connecting various components 
together, this system makes use of a 
specially designed taft backed by a 
double-D loose flange. This permits 
ready dismantling and rearrangement of 
pipework. The joints used in the Weltexa 
piping system are a working compromise 
between the aim of a crevice-free joint 
essential for the avoidance of corrosion 
and product contamination, and an 
economic, practical job. It employs 
machined faces separated by a special 
thin gasket which can be supplied in a 
number of materials, depending upon 
the application. The angle section ter- 
minating each connection is 50% greater 
in thickness than the wall of the tube 
and is of a size found to be adequate 
for most process applications, judging 
from results of destructive tests. The 
actual tube wall thicknesses employed 
are sufficient for most process applica- 
tions and avoid wastage of expensive 
alloy. In addition to the standard, special 
fittings can be supplied at short notice 
to order. These include expansion joints, 
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“Y” connections, blanked ends and com- 
plete valves. Welding Technical Services 
Ltd., Hurst Mill, Kings Norton, Birming- 
ham, 30. 

BCE 5136 for further information 


Drawing Large Arcs 





A time-saving instrument for describ- 
ing arcs of radii from 4-240ft upon 
drawing boards, floors and metal plates 
and sheets is available from Triangle 
Products. An arc of any desired dimen- 
sion within the above range is easily pro- 
duced by attaching a master disc to one 
end of the instrument and by adjusting 
the telescopic numerical scale to the re- 
quired radius. Once the weight-loaded 
pencil has been correctly positioned, a 
gentle forward rolling of the instrument 
describes the arc. Triangle Products Ltd., 
Manchester Road, Hyde, Cheshire. 

BCE 5137 for further information 


Small Nitrogen Plants 
A range of small, compact and com- 
pletely self-contained plants for the 
supply of liquid or gaseous nitrogen has 
been developed by Refinery Equipment 
& Speciality Co. Ltd. to the design of 
H. E. Charlton Engineers Ltd. Five 


models are available which, between 
them, cover capacities from 1.5 to 
24 litres of liquid nitrogen per hour or 2 
to 30 standard cu. m. (70 to 1000 s. cu. ft) 
of gaseous nitrogen per hour. These 
plants produce nitrogen of up to 99.9% 
purity by the liquefaction and fractional 
distillation of air. They are especially 
suitable for use in tropical and isolated 
areas where nitrogen is not readily avail- 
able from other sources. Applications 
include the provision of liquid nitrogen 
for petroleum gas analysis on remote oil 
field sites and liquid or gaseous nitrogen 
for general laboratory, refinery and 
chemical works usage. These plants have 
four principal sections which carry out 
the following functions: (1) compression 
of the incoming air; (2) removal of car- 
bon dioxide; (3) drying; and (4) con- 
densing and subsequent separation of 
nitrogen by fractional distillation. 

The use of regenerative driers, a 
caustic soda scrubber and cross-counter- 
current heat exchangers ensure long 
trouble-free runs. The drying and separa- 
tion sections are each housed in neat, 
stove-enamelled cabinets. Foundations 
are required for the high-pressure multi- 
stage compressor and caustic soda scrub- 
bing tower, but these units can be housed 
in positions remote from the other two. 
The plants are fully instrumented, com- 
pletely wired electrically and only require 
interconnecting pipework and electricity 
supply cables to be installed by the user. 
Refinery Equipment & Speciality Co. 
Ltd., Marton Road, Eccles, Nr. Manches- 
ter. 

BCE 5138 for further information 
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The world’s biggest range of 
centrifuges includes all these 


New Sharples 
Cuper-D-Canters 


The Sharples range of continuous centrifuges not only 
includes machines of every type but a full range of 
models of each type. 

Take for instance the Super-D-Canter type scroll 
discharge centrifuge which is widely used for centrifugal 
filtration of crystalline and amorphous solids from 
slurries. There are no less than 8 basic models. 


P.400 Laboratory Scale Super-D-Canter—4” diameter 
conical bowl; maximum centrifugal force 2,100 x G. 


P.600 A new Pilot Plant Scale Super-D-Canter—6” diameter 
cylindrical/conical bowl; maximum centrifugal force 3,150 x G. 


P.1000 Full Scale Super-D-Canter—14” diameter conical 
bowl; maximum centrifugal force 2,100 x G; especially suit- 
able for handling crystalline materials where good washing is 
required. 

P.2000 Full Scale Super-D-Canter—14” diameter cylindrical 
bowl; maximum centrifugal force 2,100 x G. 

P.2000-HS High Clarifying Capacity Super-D-Canter; 
14” cylindrical/conical bowl; maximum centrifugal force 
3,200 x G; especially suitable for handling fine solids. 

P.3000 A new high liquid throughput Super-D-Canter; 
cylindrical/conical bowl; maximum centrifugal force 3,200 
x G; especially suitable where high throughput of slurries at 
relatively low solids content have to be handled. 

P.4000 A new vertical type Super-D-Canter; cylindrical/ 
conical bowl; maximum centrifugal force 3,200 x G; especially 
suitable for pressurised operation up to 150 p.s.i.g. at high 
liquid throughputs. 


P.7000 Another new vertical Super-D-Canter suitable for 
very large solids throughput; maximum centrifugal force 
1,700 x G; available for pressurised operation up to 150 p.s.i.g. 


For each of these models there are detailed specifications 
for condition of operation such as for vacuum or pres- 
sure, for low temperature, for special rinse requirements, 
for construction in various materials, etc. 

Send for Bulletin No. 1258BM— Sharples Complete 
Line of Centrifuges. 


SHARPLES 


SHARPLES CENTRIFUGES LTD., TOWER WORKS, DOMAN ROAD, 
CAMBERLEY, SURREY. Telephone: Camberley 2601 


Visit Sharples at the 
ENGINEERING MARINE WELDING AND 
NUCLEAR ENERGY EXHIBITION 
Olympia London 16 - 30 April 1959 
Stand No. 5, Row D, Ground Floor, Grand Hall. 
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Alumina Ceramics 

Materials with exceptional resistance 
to attack by acids and alkalis coupled 
with high resistance to wear and heat and 
possessing a low coefficient of expansion 
have wide potentialities in processing 
equipment. Regalox alumina ceramics 
possessing these properties are now avail- 
able in many different forms, including 
balls for grinding mills, mechanical 
pump seal seatings and machine parts 
made to precision limits. Typical of the 
excellent properties of this material is 
its resistance to molten alkali hydroxides 
and to molten metallic oxides and sul- 
phides. Tensile strength is close to 
20,000 psi, specific gravity is 3.45, com- 
pressive strength is greater than 
230,000 psi, impact strength and electrical 
resistance are both high, while thermal 
conductivity is as low as 0.023 cal./cm’ 
cm sec. °C. Worcester Royal Porcelain 

Co. Ltd., Tonyrefail, Glamorgan. 
BCE 5139 for further information 


Flow Inducer 


A novel flow inducer which can be ap- 
plied to the transference of virtually any 
fluid, emulsion, slurry, cream or gas 
without modification has been announced 
by Watson-Marlow. Known as the H.R. 
Flow Inducer, it operates on the prin- 
ciple that a pipe, a flexible one, is 
clipped to a multi-curved track. This is 
locked into the machine when the cen- 
tral curve is concentric with a rotor 
bearing three rollers. As these go round, 
the rollers pass over the pipe, flattening 
it against the track at the point of contact 
only. This “flat” moves round the central 
curve of the track, driving anything in 
the pipe before it. At the same time, the 
restitution of the pipe behind the roller 
creates a powerful suction, drawing in 
more fluid to be pushed by the follow- 
ing roller. 

The flow is reversible and the flow rate 
is infinitely variable from a few cc/min. 
to some 500 gph, in a number of ways 
which allows for greater flexibility in use. 
The pressure head against which the 
H.R. will operate depends on the bore 
of the pipe used. Watson-Marlow give 
the following representative figures: 4-in. 
bore, 1817 ft head, to 1-in. bore, 27.6 
ft head. Although the suction lift 
depends on the wall thickness of the 
pipe, lifts, pumping air alone, as high 
as 29 in. Hg, have been recorded, the 





240 


vacuum being held indefinitely when the 
unit is stopped. 

The piping recommended for use with 
the H.R. is flexible PVC with formula- 
tions of natural and synthetic rubbers. 
These are reported to have an excellent 
mechanical life and to cover most fluids 
in general use. Where the medium is par- 
ticularly difficult, a Fluon lining has been 
developed. This is in the form of a con- 
tinuous coating, about 0.01 in. thick, 
attached to an elastometer jacket. 

We understand that the manufacturers 
are developing mild-steel flanged pipes 
with Fluon linings and ends, the latter 
providing Fluon-to-Fluon seals. The 
pipes are to be made available in stan- 
dard lengths. The Watson-Marlow Air 
Pump Co., Marlow, Bucks. 

BCE 5140 for further information 


Grease Milling Unit 
A packaged self-contained grease mil- 
ling unit, employing a high-speed colloid 
mill, is now available from Premier Col- 
loid Mills. This unit, which can operate 
either continuously or batchwise, has an 
output as high as 5000 gph—a consider- 
able improvement’ over _ triple-roll 
machines. In addition to sodium and 
lithium greases, it will process success- 
fully Bentone greases which best develop 
their full gel strength through this 
method of colloid milling. The paint and 
pharmaceutical industries are other fields 
where this unit should find wide applica- 
tion. In the unit the raw grease in its 
resilient state is pumped from the hop- 
per into the colloid mill, where it is 
rapidly softened. A frothy mixture, 
caused by an unavoidable mixing with 
the air, is pumped into a de-aerating 
plant, consisting basically of an enclosed 
cylinder. Passing diametrically through 
this cylinder is a metal plate with a pat- 
tern of fine holes. To permit variations in 
screen the plate is interchangeable. On 
the underside of the plate is a high 
vacuum produced by a pump, which 
draws the frothy grease through the fine 
holes and causes the air bubbles to burst. 
Premier Colloid Mills, Walton-on- 
Thames, Surrey. 
BCE 5141 for further information 


Positive-displacement Pump 

A new, compact, lightweight pumping 
unit, known as the AS, is announced by 
Goodyear Pumps Ltd. It is specially 
designed for food and chemical proces- 
sing applications, and is also suitable for 
general pumping duties. Its design fol- 
lows closely that of an earlier pump and 
employs an Archimedean screw and 
slotted plate wheel which plays an impor- 
tant part in controlling the delivery from 
the pump. Like its forerunner, it has a 
positive - displacement characteristic, is 
self-priming and will run for long 
periods “on”. The new model, direct 
coupled to a 1440-rpm, 3-hp motor, 
will develop a head of 200 ft, provide 
a suction lift of 28-30 ft of water 


and a delivery of 5 gpm. The pump has 
only two moving parts in contact with 
the liquid, the plate wheel and rotor. 
The taper roller bearings are grease 
packed for long life, and high-efficiency 
radial face shaft seals are fitted which 
do not cause shaft wear when they be- 
come due for renewal, as with packed 
glands. The pump is suitable for hand- 
ling slurries and extremely viscous 
materials such as latex and molasses. 
Meehanite is the major metallic material 
of construction, but pumps in bronze, 
aluminium alloy and stainless steel can 
be obtained to order. Standard screwed 
1}-in. pipe connections are provided for 
inlet and outlet. Goodyear Pumps Ltd., 
Camborne, Cornwall. 

BCE 5142 for further information 


Boltiess Pipe Clip 





A new boltless pipe clip designed 
primarily for uss with tanker cargo 
heating coils is now being produced by 
Charlton, Weddle, and is offered for any 
application where rapid and _ simple 
clipping is required. A special compres- 
sion clamping tool has been designed 
for fitting the clips, and it will be manu- 
factured in various sizes for different 
applications. Charlton, Weddle & Co. 
Ltd., Manors Works, Newcastle upon 
Tyne, 1. 

BCE 5143 for further information 


Self-priming Centrifugal 

A recently-introduced centrifugal 
pump has a maximum delivery of 2200 
gph of water, develops a maximum head 
of 50 ft and a suction lift of 25 ft. It is 
close coupled to a 3-hp electric motor 
and is supplied complete with lightweight 
baseplate. Screwed 1-in. inlet and outlet 
connections are provided as standard, 
and normal materials of construction are 
cast iron. Goodenough Pumps Ltd., 

Jermyn Street, London, S.W.1. 
BCE 5144 for further information 


Non-consumable Anodes 

The deposition of platinum as a thin 
film or as strip upon titanium is a 
method of overcoming a serious obstacle 
in the use of titanium as a non-consum- 
able electrode. Titanium by itself is not 
a suitable anode material, for although 
it is immune to corrosion in media such 
as brine the protective surface oxide film 
resists the passage of electric current. 
This new development, announced by 
LC.I. Ltd., makes available an anode 
material as efficient as platinum but at 
much lower cost. Applications for this 
new type of anode include the electro- 
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3,600 OPERATIONS A DAY WITHOUT BREAKDOWN! 


Outstanding Performance of Atlas Copco Air Hoists at Ford’s 


As pioneers of mass-production, the Ford Motor Com- 
pany utilises the latest developments and equipment in 
this field. An example of their progressive policy comes 
from the Ford works at Dagenham. There, for the past 
eighteen months, a number of Atlas Copco 8 cwt. air hoists, 
type MT 505, have been handling parts and materials in 
high temperatures and in atmospheres contaminated with 
dust and harmful chemicals. 


Several Atlas Copco air hoists have been placed near the 
furnaces, both in the carburising plant and on the engine- 
block moulding line transferring the block from one con- 
veyor belt to another. Despite the arduous conditions im- 
posed by the furnaces, the hoists have made 3,600 journeys 
a day since their installation without a single breakdown or 
major overhaul. 


Motors completely protected 


The reasons why Atlas Copco air hoists have continued to 
operate so efficiently under such conditions are these: the 
motors are totally enclosed and impervious to dust; there 
are no electrical insulations liable to attack by heat; the 
units are constantly lubricated by atomised oil entering 
the motors with the air stream. Because of this high degree 
of protection, an Atlas Copco air hoist was selected for 





operation above a tank containing trichlorethylene—a 
chemical de-greasing agent. In this application the hoist 
lifts metal parts requiring de-greasing into and out of the 
tank. The trichlorethylene fumes would soon disperse oil 
on the working parts of the hoist if it weren’t for its un- 
ique lubrication system. 


Due to their sound construction, so reducing maintenance 
to a minimum while operating over long periods under 
unfavourable conditions, Atlas Copco air hoists are con- 
tributing to increased production and efficiency at Dagen- 
ham—as they could in your works. 


World-Wide Sales Service 


The Atlas Copco Group puts compressed air to work for 
the world. It is the largest group of companies specialising 
solely in the development and manufacture of compressed 
air equipment. It embraces Atlas Copco companies or 
agents manufacturing or selling and servicing Atlas Copco 
equipment in ninety countries throughout the world. For 
further details of the equipment featured here, contact 
your local Atlas Copco Company or Agent. If you have 
any difficulty, please write to:— Atlas Copco AB, Stock- 
holm 1, Sweden, or Atlas Copco (Great Britain) Ltd., 
Beresford Avenue, Wembley, Middx. 


THE Sttlas Copco GROUP OF COMPANIES 


Manufacturers of Stationary and Portable Compressors, Rock-Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 
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lysis cells for the manufacture of caustic 
soda and chlorine from brine, the catho- 
dic protection of marine structures and 
water purification by _ electrolysis. 
Development work in other fields now 
in progress includes separation of col- 
loids. The fact that these electrodes will 
operate successfully at current densities 
appreciably higher than the maximum 15 
amps/ft* possible with conventional 
materials permits the use of a much 
smaller size of electrode. LCI. Ltd., 
Metals Division, Witton, Birmingham. 
BCE 5145 for further information 


New Gasket Material 

Uniphase Cork, a new gasket material, 
developed to eliminate seepage and leak- 
age in applications where—for one 
reason or another—neither conventional 
cork composition nor cork and rubber 
have been completely satisfactory, is an- 
nounced by the Armstrong Cork Co. 
Ltd. This is a radically new and unique 
gasket material which offers the maxi- 
mum combination of impermeability, 
conformability with resilience and chemi- 
cal inertness~-three major factors in 
every application for a gasket material. 

The main feature of this new packing 
material is its mew continuous-phase 
synthetic elastomeric binder which en- 
closes all the cork particles in a con- 
tinuous matrix. As a result, a solid bar- 
rier is presented to the passage of fluids 
or gases, Oil penetration tests at 212°F 
at a pressure of 30 psi show that this 
method of composition reduces oil pene- 
tration to 4 that of cork and synthetic 
rubber gasket and } that of a conven- 
tional cork composition gasket. 

Uniphase forms a positive seal at unit 
loads as low as 100 psi where most con- 
ventional gaskets fail. The major reason 
for this is that the elastomeric binder 
actually conforms directly to the flange 
surface, completely filling surface im- 
perfections caused by milling or abrading 
operations. Uniphase is made by a pro- 
cess that retains the natural conform- 
ability of cellular cork. Flange loads as 
high as 4000 psi will neither crush the 
material nor cause it to extrude. It seals 
over a wider range of flange pressures 
than any other gasket material. 

The material possesses greater resist- 
ance to chemical attack than any other 
gasket material and its synthetic binder 
more closely approaches the chemical 
inertness of cork itself than other 
materials generally used in gasket com- 
pounding. Moreover, Uniphase is ex- 
tremely resistant to fungus growth. Test 
samples and further information can be 
obtained from the Armstrong Cork Co. 
Ltd., Industrial Division, Honeypot Lane, 
Kingsbury, N.W.9. 

BCE 5146 for further information 


Electric Actuators for Valves 
Labour-saving and faster valve opera- 
tion are made possible by a new elec- 
trical valve actuator which is designed to 
produce the torque necessary for operat- 
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ing any type of valve. This includes gate, 
globe and diaphragm valves on the one 
hand and plug, butterfly and special 
rotary valves on the other. The actuator, 
produced by Rotork Engineering Co., in 
addition to its torque provision, will 
withstand thrust from the valve stem in 
the case of sluice-type valves and at the 
same time will protect the valve from 
damage due to obstruction or overrun. 
In many valves such as wedge-gate 
valves the effectiveness of the shut-off 
depends on the torque applied to the nut 
in the closing direction. Under such con- 
ditions the travel must be controlled by 
torque measurement. An adjustable torque 
switch is therefore provided which 
shuts off the motor when the required 
closing torque is reached. This switch 
also protects the valve if a foreign body 
finds its way into the valve body. In the 
event of power failure the motorised 
valve can be operated by hand and the 
motor drive can automatically be set in 
motion when the power supply is 
restored. 

The actuators are available in totally- 
enclosed weatherproof and flameproof 
cases. They have been successfully em- 
ployed on valves as large as 72 in. 
Rotork Engineering Co., Bath, Somerset. 

BCE 5147 for further information 


Tube-cleaning Tools 

The new Flexpanda range of tube- 
cleaning tools are spring-operated and 
self-expanding, and they can be used in 
conjunction with ali types of rotary tube- 
cleaning equipment for straight and 
curved tubes, Flexotube state. The sizes 
available are in the range from 0.792 in. 
to 25 in., and a special small scraper 
tool can be supplied for j-in. bore con- 
denser tubes. Larger sizes will be avail- 





able later. The brushes, which contain 
independently-sprung inserts, are sup- 
plied in wire, bristle or nylon. The 
scrapers are fitted with blades of various 
designs and they are suitable for heavier 
work. Flexotube (Liverpool) Ltd., 25 
Hope Street, Liverpool, 1. 

BCE 5148 for further information 


Packaged Boilers 

Farrar Boilerworks have marketed a 
new range of horizontal packaged boilers 
under the trade-name Farrapac. For the 
time being, their steaming capacities are 
between 5000 and 11,000 Ib. an hour. 
The output of the hot-water model is 
from 5 to 11 million Btu an hour, but 
smaller units are being developed. 





The boilers are of the triple-pass type 
and thermal efficiencies around 80% are 
claimed for them. A large, or a high, 
chimney is not needed. The burner is of 
the rotary-cup atomising pattern and 
can burn the heavier grades of oil. It is 
fully automatic and gives a variable or 
modulated flame over a wide range of 
steaming loads. Standard units handle oils 
having viscosities up to 3500 seconds, 
Redwood No. 1, at 100°F. The Farrapac 
may be supplied mounted on its own 
chassis—no special foundations are 
needed for installation. The wiring, pip- 
ing, lagging, finishing and steam testing 
are all done in the maker’s factory. If 
required, a condensate tank with an 
automatic motor-driven water feed pump 
is supplied. The Farrar Boilerworks, 
Ltd., Newark-on-Trent. 

BCE 5149 for further information 


Platinised Titanium Anodes 

Mapel are_ introducing platinised 
titanium anodes for the protection of 
condenser water boxes and the internal 
protection of pipelines. In condenser 
water boxes one anode is installed in 
each pass, but for pipelines the anodes 
are installed at intervals, depending upon 
the pipe diameter. Protection can be 
given to all sizes of pipeline ranging from 
12in. diameter (minimum) with water 
velocity up to 10fps. Metal & Pipeline 
Endurance Ltd., Artillery Mansions, Vic- 

toria Street, London, S.W.1. 
BCE 5150 for further niformation 


Air Compressors 

Two new stationary Hydrovane air 
compressors have been added to the 
range manufactured by Alfred Bullows. 
Model 200SR9501 has an output of 
95 cfm at 100 psi and is mounted on a 
6ft x 2ft horizontal air receiver. It is 
fitted as standard with a water-cooled oil 
cooler and the water flow is controlled 
thermostatically. An air-cooled oil cooler 
can be supplied at an extra cost. The 
250SR12001 has an output of 120cfm 
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BCE 5081 for further information 


A New Rotary Screw Compressor 
THE ATLAS COPCO 








Fitting the female rotor in a Twin-Air compressor. 


NO METALLIC CONTACT BETWEEN COMPRESSION COMPONENTS — 
this means no wear... long intervals between overhauls .. . 
minimum maintenance. 


HIGH EFFICIENCY — cuts power waste — and operating costs. 


SPACE SAVING — simple, compact design effects marked reduc- 
tion in installation costs. 


SMOOTH AIR FLOW — no ‘surging’ or ‘pumping’ characteristics. 


OIL-FREE AIR OR GAS—no lubricant is present in the com- 
pression chamber. 


LESS SENSITIVE TO IMPURE AIR— because compression com- 
ponents are not in metallic contact. 








WIN-AIR 





5 Ms sk BPs i i 
An Atlas Copco ‘Twin-Air’ compressor (8,/00 c.f.m.) 
at the Grdngesberg mine, central Sweden. 


BASED ON A SWEDISH INVENTION 


Atlas Copco Twin-Air compressors—based on the 
original design of the Swedish Inventor, Lysholm 
—have already been fully tested at Kiruna in the 
Arctic Circle area of Northern Sweden. Here, at 
the world’s largest underground iron mine, they 
have been operating under normal worki 1g con- 
ditions for two years. 


NOW A TWIN-AIR PORTABLE! 


Atlas Copco introduces the world’s first PORTABLE 
Rotary Screw Compressors! These portable mach- 
ines embody all the know-how gained from two 
years operating experience with Twin-Air Station- 
ary Compressors. The first models in this new range 
are machines of 370 c.f.m. and 620c.f.m. Both 100% 
air-cooled, diesel-powered units. 


Sttlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


For details of the new Atlas Copco Rotary Screw Compressors, contact your local company or agent or write to Atlas Copco AB, 
Stockholm 1, Sweden, or Atlas Copco (Great Britain) Limited, Beresford Avenue, Wembley, Middlesex csle 
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at 100 psi and can also be supplied with 
an air-cooled oil cooler. Delivery of both 
units is about six months. Alfred Bullows 
& Sons Ltd., Long Street, Walsall. 

BCE 5151 for further information 


Mitchell-Ventil Pneumatic Dryer 
L. A. Mitchell have acquired the 
manufacturing and selling rights for the 
French Ventil flash dryer in the sterling 
area. The dryer is described as very 
compact and extremely efficient, both 
from the thermal and power consump- 
tion points of view. It can be operated at 
low temperature, thus avoiding damage 
to heat-sensitive materials. Any standard 
heating system can be employed and the 
dryer can be made in a wide range of 
materials of construction. L. A. Mitchell 
Ltd., 37 Peter Street, Manchester, 2. 
BCE 5152 for further information 


Stainless-steel Rotary Pump 

Of special interest to manufacturers 
with the problem of pumping sticky and 
viscous fluids is the new customer design 
pump made by Stainless Steel Pumps 
Ltd. This is a‘rotary self-priming pump 
constructed from 18/A/3 stainless steel; 
other alloys can be used if required. The 
pumps are self-priming and can be al- 
lowed to run dry for as long as half an 
hour without pick-up of the rotors. The 
suction lift, when running at 200 rpm, 
is 4-5 ft and prime is obtained under 
these conditions in 7 sec. At 600 rpm a 








suction lift of 12 ft is possible. These 
figures are based on water. Delivery pres- 
sures as high as 120-150 psig can be ob- 
tained, although this means fitting rotors 
of reduced width compared with stan- 
dard. Four models are available, cover- 
ing a range of from 50-6000 gph. Out- 
standing mechanical features of design 
include ready accessibility of the moving 
parts and ease of dismantling and re- 
assembly. The rotors, for example, are 
fitted on splined shafts and are there- 
fore readily removed and replaced. Nor- 
mally, these pumps use a packed stuffing 
box, but mechanical shaft seals such as 
the dual-rotation Flexibox can be fitted, 
if desired. Stainless Steel Pumps Ltd., 
Eastbourne. 

BCE 5153 for further information 


Electronic-pneumatic Level Controller 

The Pneutronic on/off level controller 
manufactured by Fielden provides an 
output air pressure suitable for operating 
a standard pneumatic diaphragm control 
valve. The instrument can be used for 
controlling the level of solids or liquids 
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which may be at high temperatures, high 
pressures or under corrosive conditions. A 
robust electrode is the only item in the 
container. The equipment is transistorised 
and operates from a supply of 12 volts 
d.c. Fielden Electronics Ltd., Withen- 
shawe, Manchester. 

BCE 5154 for further information 


Air-motor Silencer 


A new silencer for pneumatic tools 
is being made by Air-Maze. It can also 
be used on the free air inlet of com- 
pressors and is easily removed for wash- 
ing in commercial oil solvents. Two sizes 
are available for connections from } in. 
to jin. B.S.P. As standard, it is avail- 
able with a mild-steel body and gal- 
vanised wire element, but other materials 
of construction can be used if required. 
Air-Maze Ltd., Church Street, Warring- 
ton. 

BCE 5155 for further information 


Electronic Strip-chart Recorder 
George Kent Ltd. announce the avail- 
ability of their Mark 3 Multelec, a high- 
speed electronic strip-chart indicator- 
recorder for the precision measurement 
of millivoltage, and also temperature, in 
association with a thermocouple, resist- 
ance thermometer or radiation pyro- 
meter. There are many features worthy 
of note, among them being an operating 
speed—with no pointer “overshoot”— 
of 2 sec. only for full-scale travel; all- 
mains operation with continuous stan- 
dardisation; chart-speed variation of 1 in. 
per hr to 4 in. per min; 10-in. chart 
width and pen travel; extremely-sensitive 
high-gain amplifier, covering a wide 
range of a.c, or d.c. input; tachogenera- 
tor; and a synchronous converter cap- 
able of detecting smaller signals than 
any other available. The last three com- 
ponents are available for other applica- 
tions as separate units. This indicator 
recorder can be obtained in single- or 
multi-point form, with point-cycle times 
of 5, 10 or 20 sec., depending on the 
application, enabling as many as 16 
variables consecutively to be measured 
and recorded with laboratory accuracy. 
Its design features include interchange- 
able plug-in-unit construction coupled 
with maximum accessibility, minimum 
maintenance and a reduction in the num- 
ber of spare parts it is necessary to 

carry. George Kent Ltd., Luton, Beds. 
BCE 5156 for further information 


Stainless-steel Electro-polishing 

This process removes about 0.0005 in. 
from the surface of a stainless-steel ves- 
sel or component and leaves a surface of 
high polish and chemical cleanliness. 
Besides being cheaper and quicker than 
mechanical polishing, this type of polish- 
ing has a number of other advantages. 
Thus, inclusions in the steel unavoid- 
ably introduced during manufacture are 
removed instead of being added to, 
which is the tendency with mechanical 
polishing. The corrosion resistance of 





the equipment is therefore improved. A 
second valuable point is that complex 
articles which are inaccessible for 
mechanical polishing are readily treated. 
This allows a new degree of freedom in 
design. Stainless-steel tanks of 2000 gal- 
lons capacity have been successfully 
treated by this process. Electropol Pro- 
cessing Ltd., Trading Estate, Farnham, 
Surrey. 

BCE 5157 for further information 


Floating Suction Strainer 

When it is necessary to draw water or 
other fluid from a stream or sump with- 
out carrying over foreign solid matter, 
an improvised solution is sometimes 
made by tying the suction hose end to 
a sealed oil drum which acts as a float 
on the surface. The end of the hose 
is submerged a few inches below the 
level of the liquid. One disadvantage of 
this method is that it leads frequently 
to vortex formation at the point of entry 





of the liquid, with the result that prime 
is lost from the pump or its capacity is 
reduced. The Dolphin strainer has been 
designed to meet the need of a more 
suitable flowing device devoid of the 


crudities of such improvisations. This 
new strainer, constructed of stainless 
steel and plastic sheeting, inhibits vortex 
formation and it is so designed that the 
flexible hose connected to it can be 
rotated and twisted without disturbing 
the position of the strainer itself. It is 
available in four sizes for connecting to 
l4-in., 3-in. and 4-in. hose. Megator 
Pumps & Compressors Ltd., 43 Berkeley 
Square, London, W.1. 

BCE 5158 for further information 


Filter Presses 

Durham Raw Materials Ltd. have been 
appointed sole selling agents in the U.K. 
for the full range of filter presses manu- 
factured by F. H. Schule Ltd., of Ham- 
burg. These filter presses can be supplied 
to standard patterns or tailor made, and 
two basic types are available, flush plate 
and frame presses for use where the filter 
cake is of uniform thickness and 
porosity; and recessed plate presses for 
use where solids are subject to blockage. 
Both these types of press are available 
with plate sizes from 9} in. to 57 in. and 
as many as 70 chambers can be provided. 
The materials commonly used in their 
construction are close-grained cast-iron, 
high-quality steel and steel alloys, stain- 
less steel, aluminium, copper, bronze, 
hard rubber and various woods. To resist 
corrosion or abrasion, filter plates and 
frames may be covered with protective 
coatings. Other special features which can 
be incorporated include channels for cir- 
culation of steam or cooling agents, gas- 
proof filter elements, and plates and 
frames for high filter pressures. Among 
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the special-purpose models is the Labora- 
tory Filter Press, with 5-in. Plexiglass 
frames and plates, which permit visual 
control of the filtering and washing pro- 
cesses. The presses can be supplied with 
either mechanical or hydraulic closing 
devices. The latter incorporate the Schule 
hydraulic spindle which can be electric- 
ally controlled. Durham Raw Materials 
Ltd., 1-4 Great Tower Street, London, 
E.C.3. 

BCE 5159 for further information 


Double-acting Vibratory Feeder 

Any material which can normally be 
fed by means of a vibratory feeder can 
be handled by the Valco double-acting 
vibratory feeder. The equipment com- 
prises a main feeder fitted with a trough 
24 in. long and 4in. to 6in. wide and a 
secondary feeder fitted with a narrow 





feed channel of any suitable shape. The 
feeders are electro-magnetically operated 
and independently energised. The main feed 
trough is constructed with a nosed end 
where material falls to a lower level. The 
narrow dribble feed trough is positioned 
down the centre of the nosed end at the 
higher level and is fed from the top plat- 
form of the main feed trough. Each 
feeder is supplied with an_ infinitely 
variable resistor to control the rate of 
feed, and the equipment is normally 
designed to operate on a single-phase, 
200/240-volt, 50-cycle supply, although it 
can be made for other supplies. Valley 
Products (Lye) Ltd., Valley Road, Lye, 
Stourbridge. 

BCE 5160 for further information 


Quick-action Pipe Coupling 

Quick-action pipe couplings, developed 
by Simon Handling Engineers, are 
capable of withstanding considerable 
pressures. These robust couplings are 
equally suitable for use on rigid or 
flexible pipes. By means of lever and claw 
fastenings, connections can be speedily 
made or broken. Moreover, the rubber 
sealing rings fitted to the couplings 
qnsures airtight connections. 
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Each coupling consists of two rings 
w-th flanged ends. Fixed to one ring are 
the spring-loaded claw fasteners. A con- 
nection is made when the two flanges are 
united and the claws closed over the joint 
so that the flanges are held tightly to- 
gether, forming an air-tight seal. Levers 
and claws are specially designed to slide 
easily over any surface, and when the 
connection is broken the toggles are 
spring-loaded against the pipe to mini- 
mise damage risks. Couplings are made 
for welding on to 2in. to 8in. thin- 
walled rigid or flexible pipes and for 
screwing on to heavier pipes. Simon 
Engineering Group, Cheadle Heath, 
Stockport, Cheshire. 

BCE 5161 for further information 


Air Filter 
Latest introduct‘on by Air Control is 
the Omicron filter for which efficiencies 
of 99.95% and higher, measured by 
B.S. methylene blue test, are claimed. 
Each filter unit comprises a case fitted 
with a sealed-in filter element, a filter 
paper pleated to give a very large area 
of filter media in each unit. The units 
are manufactured in a single standard 
size, the external dimensions of the case 
being 24 in. X 18 in. X 12 in. A flange 
is provided around the face to facilitate 
mounting in a fixed frame for holding 
the number of standard units. The initial 
resistance produces a pressure drop 
across the filter of 1 in. w.g. with 750 
cfm of air flowing through each unit. 
Air Control Installations Ltd., Ruislip, 
Middx. 
BCE 5162 for further information 


High-duty Coupling 





The paragraph describing King Air- 
craft’s Conoseal high-duty coupling in 
the February issue of British CHEMICAL 
ENGINEERING was illustrated with a 
wrong picture. The coupling shown in 
the accompanying illustration has been 
developed for operating at pressures of 
about 6000 psi, and in the temperature 
range —184°C to 980°C. King Aircraft 
Corp., Hillington, Glasgow, S.W.2. 

BCE 5163 for further information 


New Publications 


A number of machines useful to 
fabricators of chemical and other pro- 
cessing plant have been issued by Yates 
Plant Ltd. The equipment is designed to 
facilitate heavy plant welding opera- 
tions. The equipment includes columns 
and booms for automatic arc-welding to 
Class 1 standards and which are applic- 
able to external and internal, longitu- 
dinal or circumferential seams. A rotat- 
ing manipulator for handling heavy and 
complicated fabrications is available in 
a number of sizes. The 10 ton capacity 
model, for example, has 10-ft diameter 
rings spaced 16 ft apart. A further valu- 
able machine is an elevating welding 
platform with a travelling rotator for 
positioning cylindrical shells. Yates Plant 
Ltd., Whidborne Street, London, W.C.1. 

BCE 5164 for further information 


Details of the range of ball and tube 
mills are described in a recent leaflet. 
Mention is made of available materials 
of construction, types of grinding 
medium, feed arrangements and other 
details of design. Head Wrightson & Co. 
Ltd., 20 Buckingham Gate, London, 
S.W.1. 

BCE 5165 for further information 


A 16-page publication (List 144/A) 
dealing with some of the technical prob- 
lems associated with gas analysis by the 
thermal conductivity method, and giving 
performance data on the Cambridge 
Katharometer including notes on the 
types of measurement available and on the 
possible sources of error, has been pub- 
lished by the Cambridge Instrument Co. 
Ltd., 13 Grosvenor Place, London, 
S.W.1. 

BCE 5166 for further information 


A number of grades of refractory 
cement, suitable for the construction or 
repair of furnace linings, and which can 
be applied by cement gun to the work, 
are described in a new leaflet entitled 
“Tri-Mor Dense Guncrete”. The pro- 
ducts are manufactured by Morgan Re- 
fractories Ltd. and copies of the leaflet 
are obtainable from the Morgan Crucible 
Co. Ltd., Church Road, Battersea, Lon- 
don, S.W.11. 

BCE 5167 for further information 


A wide range of pumps, including 
many which are suitable for use in 
mechanical plants, are illustrated in a 
leaflet, “Pumps for all Industries”. 
Among them are vertical pumps for sol- 
vents, self-priming and pulp centrifugals, 
small rotary and diaphragm models, all 
obtainable in corrosion - resisting 
materials. Girdlestone Pumps Ltd., 23 
Davies Street, London, W.1. 

BCE 5168 for further information 


Dimensions and description of the 
hand-wheel control and speed indicator 
for use with the Carter type F infinitely 
variable-speed gearbox are the subject of 
a new leaflet which deals also with the 
method of resetting the control when 
the original setting is disturbed. Carter 
Gears Ltd., Bradford. 

BCE 5169 for further information 
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BCE 5083 for furhter information 


your liquid. 


Liquid assets in the shape of edible juices and industrial 
fluids, chemical solutions, oils and spirits, are too valuable 
to be wasted. They need the Stellar Filter to safeguard them, 
to render liquid loss almost negligible whilst clarifying and 
purifying. Designed to operate with supreme efficiency, the 
Stellar Filter has an unchokeable filter bed and is perfectly 
simple to control. It is remarkably economical, too, for it 
can be cleaned without dismantling or loss of liquid, and 
occupies very little ground area. 

Tell us your problem and we'll gladly advise you how and why the 
Stellar Filter will take good care of your liquid assets. 
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ESSENCES—WINES—SPIRITS 


JUICES—CHEMICALS 3 
PHARMACEUTICALS 33 
SYNTHETIC RESIN SOLUTIONS 


SOLVENTS—VARNISHES 
INDUSTRIAL FLUIDS—and, 
of course, WATER. 


... another Paterson design for purity 


THE PATERSON ENGINEERING CO. LTD., 129 KINGSWAY, LONDON, W.C.2. 
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Liquid Gas by Sea 

The first load of liquid natural gas 
ever to be carried by sea arrived at Can- 
vey Island, Essex, during the latter part 
of February. This marked the comple- 
tion of the first stage in an experiment 
which has attracted world-wide interest. 
The load, once transferred to the two 
holder tanks is to be reconverted to gas 
and taken by pipeline to the Romford 
works of the North Thames Gas Board 
for reforming before mixing it into the 
town’s supply. Eaeh of the storage tanks 
has a capacity of about 1000 tons of 
liquid natural gas. One has been built 
for the North Thames Gas Board by 
the Whessoe Co. Ltd., of Darlington, 
the other by the A.P.V. Co. Ltd., of 
Crawley. The gas, after reforming, has 
similar characteristics to gas normally pro- 
duced from coal and is suitable in every 
way for consumers’ appliances, with the 
added advantage that it is free from sul- 
phur. This trial load is a comparatively 
small quantity in relation to the demand 
for gas—the North Thames Gas Board 
alone produces over 400 million therms a 
year. If the trials prove successful, both 
from the technical and economic points 
of view, consideration will be given to the 
import of liquid methane on a much larger 
scale. Vessels carrying some 30,000 tons 
will probably be required in order to 
secure real economy. 


World’s First Butamer Unit 


What is reported as the world’s first 
UOP butamer unit will be installed by 
the Standard Oil Co. of California at its 
Richmond refinery. The unit will produce 
about 2000 barrels a day of net isobutane 
by isomerisation of normal butane. 
Licensed by the Universal Oil Products 
Co., it is now under construction. Stan- 
dard is making the detailed engineering 
design from process designs furnished by 
Universal. The butamer unit will use a 
fixed-bed catalyst having high activity. 
The isomerisation reaction is carried out 
in a hydrogen atmosphere, employing 
moderate temperature and pressure. 
Volumetric efficiency of the process is 
“substantially 100%”, according to UOP. 
Estimated completion date for the new 
unit is June, 1959. 


Mond Nickel Fellowships 


The Mond Nickel Fellowships Com- 
mittee invites applications for the Mond 
Nickel Fellowships for 1959. The object 
of the Fellowships is to enable selected 
applicants of British nationality, educated 
to university degree or equivalent stan- 
dard, to obtain additional training and 
experience in industry, at home or 
abroad, so that, if they are later em- 
ployed in executive or administrative 
positions in the British metallurgical 
industries, they will be better qualified 
to appreciate the significance of research 
and apply its results. There are no age 
limits, though awards will seldom be 
made to persons over 35 years of age. 
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Month’s News in Brief 


Each Fellowship will occupy one full 
working year. It is hoped to award five 
Fellowships each year of an approxi- 
mate value of £900 to £1200 each. 
Applicants will be required to define the 
programme of training in respect of 
which they are applying for an award, as 
well as particulars of their education, 
qualifications and previous career. Full 
particulars and forms of application can 
be obtained from: The Secretary, Mond 
Nickel Fellowships Committee, 4 Gros- 
venor Gardens, London, S.W.1. Com- 
pleted application forms will be required 
to reach the Secretary of the Committee 
not later than June 1, 1959. 


British Professor Advises Spain 


Having recently installed new plant for 
the practical training of students in 
standard operations involved in the 
chemical industry, the first of its kind 
in Spain, the Instituto Quimico de Sarria, 
Barcelona, asked the British Council if 
it could arrange for the services of an 
experienced British teacher in chemical 
engineering who could discuss the best 
ways of using the new equipment, with 
the result that Professor Newitt, Head of 
the Department and Courtauld Professor 
of Chemical Engineering at the Imperial 
College of Science and Technology, Lon- 
don, was invited to Spain by the director 
of the Instituto Quimico de Sarria, Bar- 
celona, to discuss the training of 
chemical engineers. During his visit (Feb- 
ruary 23 to March 3) Professor Newitt 
also lectured at the Escuela Tecnica 
Superior de Ingenieros Industriales and 
at the British Institute, Madrid. 


News Briefs 


We regret that the following in- 
accuracies appeared in the article on the 
“Design of Cooler Condensers” by J. 
Madejski, p. 148, March issue. In line 
21 from the top of the second column 
on page 148 4, should have read 8p. In line 
35, the final s should be deleted from 
the word “drops”. In line one at the 
top of the first column on page 149, after 
kmol, °C should be inserted. In the 
second line after Equation (12) the word 
“except” should be deleted. In lines 10 
and 11 from the top of the first column 
on page 150, and in Equations (26) and 
(27), W should read as w. This correc- 
tion also applies to lines 16, 19, 20, 22, 
24 and 32 of the second column on page 
151. In the second line after Equation 
(20) 4(2) was given instead of f(c). In 
line 18 from the top of the second 
column on p. 152 U was given instead 
of U’. In the third line from the bottom 
of the same column (4.35) was given 
instead of (4.00). In the same line, Re 
should have read Reco. In line 6 from 
the top of column one on page 153 w 
and v should have read as » and @. In 
line 8 of the same column, (70.9) should 
have read (70.9). In line 14, 0.217 should 
have read 0.0217. In line 16, =*gd* should 
have read =*gd*. In line 17, (7.15) should 


have read (7.15)* and in the denominator, 
(10) should have read (10)*. 

LC.I. recently brought into operation 
plant for the manufacture of high- 
quality silicon of semi-conductor grade. 
This material costs over £100 per Ib. The 
LC.I. plant is operated by its General 
Chemicals Division on Merseyside. By 
the middle of 1959 capacity will 
approach 4000 1b. a year, and plans for 
larger production are well advanced. 
1.C.I. will now be able to satisfy the 
demand in Britain for this material and, 
at a later stage, expects to enter the 
export field. 

The Kestner Evaporator & Engineer- 
ing Co. Ltd. have concluded negotia- 
tions with the V/O Techmashimport of 
Moscow to supply a large spray drying 
plant for sodium sulphate to be delivered 
to the U.S.S.R. this year. Production 
capacity of the plant will be in the region 
of 5000lb. an hour of dried sodium 
sulphate. 

Nearly six miles of rubber-coated 
Terylene conveyor belting—some of it 
over 6ft wide and lin. thick—is now 
on its way to the Soviet Union. Specially 
designed by BTR Industries Ltd. and 
believed to be some of the widest and 
thickest ever made, it will be installed 
in a large iron-ore field in Russia. John 
Bright & Bros. Ltd. wove the special 
heavy fabric from 376,000 lb. of Tery- 
lene yarn supplied by I.C.I. 

An order from Poland for continuous 
fish meal and oil plants valued at 
£85,000 for installation in Polish factory 
trawlers has been received by Farrar 
Boilerworks Ltd., Newark, Notts. a 
member of the E.V. Industrials Group. 
Work on this order has already com- 
menced and the first plant was scheduled 
for delivery by the end of March. 

The French chemical firm Potasse et 
Engrais Chimiques have granted an ex- 
clusive licence for their fertiliser pro- 
cesses, covering the United Kingdom and 
Eire, to Humphreys & Glasgow Ltd., of 
London. 

A second crude oil distillation unit now 
in operation and costing approximately 
£64 million, with a daily capacity of 
11,000 tons of Middle East crude oil, 
approximately doubles Shell Haven’s dis- 
tilling capacity to about 8 million tons a 
year. Taking into account the Stanlow, 
Heysham and Ardrossan refineries, 
Shell’s total refinery capacity in the U.K. 
is now some 15 million tons a year. The 
new distillation unit was designed by 
Shell technologists in Holland and was 
engineered and built by Stone & Webster 
Engineering Ltd., London. 

BP Trading Ltd. have just placed on 
stream at their Kent refinery a thermal 
reformer designed by Kellogg Inter- 
national Corp., London. The 12,000 bpsd 
thermal reformer is designed for single- 
pass thermal reforming of either light or 
heavy naphtha fractions from Middle 
East crudes to produce a debutanised 
reformate of maximum research octane 
rating. The unit is also capable of 
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....almost everyone 
thought of them first 


The Chinese invented everything from writing to rockets....so they say. They may have pipped 
the ancient Egyptians; they certainly used them hundreds of years B.C.. The Romans knew about 
them and used them. As usual, the Greeks had a word for them. Even the Monks of the Middle 
Ages who discovered so many things may well lay claim to the invention of gears. But whoever 
thought of them first, lots of people make gears now. OPPERMANS OF NEWBURY FOR EXAMPLE. And 
as in everything else, some people make things better than others. OPPERMANS OF NEWBURY FOR 


EXAMPLE. Oppermans (of Newbury, you will remember) don't claim to have thought of gears first; 
but they think of little else now. 


OPPERMANS OF NEWBURY 


OPPERMAN GEARS LTD NEWBURY BERKSHIRE Telephone Newbury 1701 Telegrams Oppigears Newbury 








handling platformates of similar boiling 
ranges. 

Over 122,000 tons of plastics raw 
materials were exported from the United 
Kingdom in 1958. Valued at over £32 
million, the figures were new records 
both by volume and by value, announced 
the British Plastics Federation. 

B.O.C.’s_ recently published accounts 
for the year ending September 30, 1958, 
shows an increase in the group turnover, 
compared with the previous year, of 
15.7%. The group trading profit after a 
depreciation charge of £4,094,653 was 
£7,224,500; corresponding figures for 
1957 were £3,217,463 and £5,964,085. The 
total profit after deduction of tax and the 
bringing forward of unappropriated profit 
from past years amounts to £3,936,945 
compared with £3,358,624 for 1957. Of 
this, £3 million have been allocated to 
reserve and a further £1,381,480 remains 
unappropriated. 


People in the News 


J. Kenneth Weir, chairman of G. & J. 
Weir Holdings Ltd. and G. & J. Weir 
Ltd., of Glasgow, has been elected a 
director of The International Nickel Co. 
of Canada Ltd. and a member of its 
Advisory Committee. Mr. Weir is a direc- 
tor of Peacock Bros. Ltd., of Montreal, 
the National Bank of Scotland and the 
Dunlop Rubber Co. Ltd., of London, and 
is also chairman of William Simons & 
Co. Ltd. and Weir Foundries Ltd., of 
Glasgow. 

Following upon the change of control 
of The British Aluminium Co. Ltd., Lord 
Portal and Mr. Geoffrey Cunliffe, chair- 
man and deputy chairman respectively, 
have left the boards of that company and 
all its subsidiary and associated com- 
panies. Sir Ivan A. R. Stedeford has been 
elected a director and chairman of the 
board of The British Aluminium Co. 
Ltd., and Mr. Richard S. Reynolds has 
been elected'a director of that company. 

The Earl of Halsbury has been invited 
to join the board of Lancashire Dynamo 
Holdings as vice-chairman in April. By 
then, he will have relinquished his 
appointment with the National Research 
Development Corporation. Lord Halsbury 
was responsible for the launching of the 
Corporation. 

After 43 years’ service with Rhodes, 
Brydon & Youatt Ltd., Mr. C. S. Youatt 
has relinquished his position as deputy 
chairman but continues as a director. Mr. 
A. H. Parkes, who has been a director 
of the company for over ten years and 
is deputy chairman and managing direc- 
tor of Small & Parkes Ltd., has been 
appointed deputy chairman. Mr. R. L. 
Furnival has resigned from the board of 
Furnival & Co. Ltd. and Mr. Harry 
Aston has been elected to the board of 
directors and also as chief engineer to 
both companies. 

Chemical Engineering Wiltons Ltd. 
(subsidiary of Simon-Carves Ltd.) an- 
nounce that Mr. M. Hamshaw has been 
appointed managing director. 

Mr. O. G. Weller has been appointed 
as Technical Executive Officer of the 
Association of British Chemical Manu- 
facturers and will be responsible for the 
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work of the Chemical Engineering Re- 
search and Advisory Service Committee, 
the Instrumentation Advisory Service and 
the Information Exchange Committees. 
Sir Alexander Fleck, K.B.E., F.R.S., 
chairman of LC.I. Ltd., has agreed to 
accept the presidency of the Industrial 
Co-partnership Association. This office 
was previously held by the late Viscount 
Cecil of Chelwood, C.H., from 1919 
until his death in November, 1958. 
Mr. E. Le Q. Herbert has been 
nominated as president-elect of the 
Royal Institute of Chemistry for the 
years 1959-61. He is managing director 
of Shell Refining Co. Ltd. and a director 
of Shell Chemical Co. Ltd., Trimpell 
Ltd. and Associated Ethyl Co. Ltd. He 
takes office as president of the Royal 
Institute of Chemistry in April, 1959. 
Head Wrightson & Co. Ltd. announce 
the following appointments as directors 
of their subsidiary companies: Mr. G. 
Taylor and Mr. J. D. Eccles as directors 
of Head Wrightson Steel Foundries Ltd.; 
Mr. R. B. W. Bolland as a director of 
Head Wrightson Colliery Engineering 
Ltd.; and Mr. R. O’Brien, as a director 
of Head Wrightson Stockton Forge Ltd. 
Mr. C. R. Jomes and Mr. P. K. 
Richards have been appointed as direc- 
tors of John Thompson Water Tube 
Boilers Co. 


Obituaries 

It is with deep regret that we announce 
the sudden death of Mr. F. J. Camm 
from bronchial pneumonia on February 
18. Mr. Camm, who had been on the 
editorial staff of George Newnes Ltd. 
since 1930, when he was initially engaged 
as editor of “Hobbies”, was editor of the 
“Practical” series of journals as well as 
being the author of many technical books 
in the engineering and electronic fields. 

Many of Britain’s engineers had their 
early profesional interests aroused 
through reading what must be the most 
ably edited group of practical journals in 
Britain—if not the world. Mr. Camm is 
survived by two brothers, one of whom 
is Sir Sydney Camm, C.B.E., designer of 
the famous Hawker “Hurricane” fighter 
aircraft. 

Dr. Marcel Ballay, president and man- 
aging director of the Centre d’Informa- 
tion du Nickel, Paris, died on February 2, 
1959, after a short illness. The loss of 
such a learned and respected scientist will 
be regretted in metallurgical and indus- 
trial circles in France and the United 
Kingdom. He was a member of many 
learned societies in France and Great 
Britain. 

The death is announced of G. W. L. 
Nokes, general manager of Peabody Ltd., 
after a short illness. 


Meetings of the Month 


Society of Chemical Industry 

April 6. At 14 Belgrave Square, Lon- 
don, S.W.1. “Chemical Industry and the 
Free Trade Area”, by W. A. M. Edwards. 
6.30 p.m. 

April 15. At 14 Belgrave Square, Lon- 
don, S.W.1. Annual General Meeting and 
“Surface Phases and Their Importance in 
the Chemical Industry”, by Sir Eric 
Rideal. 5.30 p.m. 


April 15. Joint Meeting with the Insti- 
tution of Chemical Engineers. At Birm- 
ingham College of Technology, Suffolk 
Street, Birmingham, 1. “Electrical 
Engineering in the Chemical Industry”, 
by Dr. Birch. 6.30 p.m. 

April 16. Manchester Section: Joint 
Meeting with the Chemical Society, Royal 
Institute of Chemists and the Institute of 
Petroleum. At Chemistry Lecture Theatre, 
The University, Manchester. Annual 
symposium: “The Uses of Tracers in 
Chemistry and Industry”. 10.30 a.m. 


Institution of Chemical Engineers 

April 11-13. At Central Hall, West- 
minster, London, S.W.1. Symposium on 
Instrumentation and Computation in Pro- 
cess Development and Plant Design. 

April 15. Joint Meeting with North- 
western Branch of the Institute of Petro- 
leum. At Blossoms Hotel, Chester. “High- 
vacuum Technology in the Chemical 
Industry”, by A. S. D. Barrett and 
T. W. G. Rowe. 7.30 p.m. 


Society of Instrument Technology 

March 24. At Manson House, Port- 
land Place, London, W.1. “New Direc- 
tions in Engineering Psychology”, by Dr. 
R. Conrad. 5.30 p.m. 


Institute of Physics 
April 17. At 47 Belgrave Square, Lon- 
don, S.W.1. Symposium on Development 
in High-vacuum Production. 


Institution of Civil Engineers 
April 7. At Great George Street, Lon- 
don, S.W.1. “Economics of Framed 

Structures”, by L. R. Creasy. 5.30 p.m. 


Institution of Mechanical Engineers 

April 17. At 1 Birdcage Walk, West- 
minster, London, S.W.1. Symposium on 
Biomechanics. 4 p.m. 


Institute of Petroleum 
April 21. At 61 New Cavendish Street, 
London, W.1. “Oil in the Gas Industry”, 
by Dr. J. Burns. 5.30 p.m. 


The Institution of Engineering 
Designers 
April 13. North-east Branch: At 
Northern Architectural Association Hall, 
6 Higham Place, Newcastle upon Tyne, 1. 
“Plastics and the Engineer”, by W. J. 
Grant. 7.15 p.m. 


Coming Events 


April 5-10. At Public Auditorium, 
Cleveland, Ohio, U.S.A. The 5th Atom- 
fair. 

April 6-10. At 4 Tilney Street, Park 
Lane, London, W.1. The Fifth Inter- 
national Instrument Show. 

April 6-11. At Oxford. Physical Society 
Conference on Nuclear Physics. 

April 7-17. At Earls Court. London, 
S.W.5. Factory Equipment Exhibition. 

April 16-30. At Olympia, London, 
W.14. Engineering, Mining, Welding and 
Nuclear Energy Exhibition. 

April 20-24. At Royal Albert Hall, 
London, S.W.7. Industrial Photography 
Exhibition. 
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